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i. INTRODUCTION

A. Statement of the Proble=

The problerm addressed in this regcort and
bobbins (4,5) is to develop and demonstrate a aethod-
ology, with its associated computer model, that will
acceptably transforz several individual smltipiecri-
teria rank ordered lists of research and develop-
ment (R&D) projects into a single aggregated, priori-
tized rank crdered list to gquide the investment of
In addition, provisions are needed
for the individual lists to be converted froa various
formats. Decision-maker and judge self-rating

2D resources.

weighting methcdologies are necessary. The method-
ology daveloped must be cazable of aggregating, with
reasonable effort, very long individual partial
iength and/or fuli lerngtn licls. Owver fifty alter-
natives should be allowed in the full length lists.
This report describes the ccapzater model for the
research.

o w

B. Xeed for This Research Solution

The task of RiD =anagement planning for
high technology syste=s has becowe =ore gdifficuic.
The esphasis on coordination and co==unicaticn bDe-
tween the m=anagezent of major functional elexmeats of

high technology systexs developzental organiza-

tions, both industrial and covernmental, and the ex-

e
panded usage of goal and ctjective planning =2:ihods
have compiicated the planning process. Situations
have resulted w :xe the planners in the R

receive many diverse priority lists of suigested
future work or products froz= the other fzngctional
elexents (i.e., marketing, fieid operaticns., oroduc-
tion, and senior staffs) and from =&nagers with:
ReD organization. The prioritization criteria of

interest to eacl: contribuzing element differ as their

functicas and objectives Jiffer. Ther=fore, the indi
vidual prioritizations will be based 20 so=¢ extent,

.
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apon the cbjactive criteria and viewpoints of each
eleneat. The BiD elesent zanagenent =ust coz=bine
these lists into a usable list ~€ prioritized RibD
projects for their consideration in the allocation
of discretionary &P funds toward adwvancing the
technology base of the enterprise.

As a specific exasple, the director of the US
Army Miss®le Laboratory has such a planning need.
Each year he selects and funds 2t least 100 R&D tasks
with over $50 million. The Arzy policy of Sirngle
Prograz Element Funding (SPEF) Sives to the labora-
tory director the final discretion to establish the
most productive and best balanced progra=. The
director is provided an abundance of advice fro=
outside and within his laboratory. The advice is
usually in the forz of lisits of RED tasks or reguired
products to which he should give higher priority and
theredpy funding. To advise the Arxy Missile Labora-

tory d:rector, and his counterpart at othsr Ar=zy Rib
laboratcrie=, the user staff agencies of tke Arzy,
the Deputy Chief of Staff for Operation (DCS0P) and
the Training and Doctrine Command (TRADOC), annually
prepare docusentations containing their sriority
rankings of potential, not yet developed =military

The TRADOC 1ist gives a rank order au=ber
The ICSOP doc=ment, calied

-
Hlr WIS I3

atility category classes of use; i.e.,
Cicse Combat, Fire Support, etc. Within evach cap—
ability category ths potential future systexms are
rank ordered. The
each RsD project techoology task to the one or =ore
potentiai future syste=ms to which it could lead.

laboratcry directors =ust Telats

Three headguarters organizations, the T2pari-
ment of Defense (DCD), the Department of th» Arsy
{D3), and the pevalorment and Readiness Cozmand
{SARCOM), as well as ke !.;’S'Ce..m:zcssioaal staff a:il
have, On occasion, sent letters tc the director
recommending funding of feriain selected tasks or
groups of tasks within the dirscicr’s SPEF progra=.
Tri-Service special topic committecss prepazre, and
ofter prioritize, rists of RiD project tasks which
they recommend for increased fundime. Army =issile
ReD technology often is included in the Tri-Service
committee lists. The local comsander's staff also
provides a rank ordered iist of sysileas to be
szpported by the laboratc:sy's RegD technology efforts.
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£} wWeax orcered andsior stronsily

e} CTategorized grooping soblists, 23 weight e 3 Tiance and azthenti-

whore cne of the foilcwing =ay ofcur: city of each schlist dsring 1oe aggreg2tion frOTess. |
= - = = = - - 1
e types of welighiing —echanisns inciade e

&
projects are sundivided foiicwing:
o each categcry, the
projects are ranked, bt the categories may or zaw 2} Decisicn-zaker weichling necha-o

3}

W

into categoriss. Then, withk

=0t be strongly ranied. isz= ®0 de 2pplied o single alternztive andjfer 1o |
the sublists ranked Sy <erta:in judges. The mechan- |
{2} The projects are schdivided isns wili inclode m=itislicatise fagiors and expoonen-
into categories. <Thus, the categories are ranked, tial f3ctors.
5ot the projects withism a category n2y C©F =ay S0t o
strongly ranked. B} Jodge ssif-exsertise

£ ¥aitiple schiists ranked in alterzative.
accordance with a commes criteria or within indicvi-

calily test tle concordancs of eash schlist raax ordes

W}
i)

Scriists vhere the alternatives and the consistency of the aggregate ranxk order.
are ordinal ranked bases? tpon variovs forzs of -
es STC

cardinal wtiliti : as: The logic xodel was converted Inte a Figital

Sorpoter code o perform the precsading recuirements
{1} Yalioe estimates. for wp to 180 rank order altermatives.
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MEFUTIR MODTI INPLINTYTITION
inis chapter gives a sommars discossion of the

= - a w._ i - - = - - -
AS® DTOITETIINS COTDTILST Codes sirooture is Jdegori

> s - oy g = » -
ST 1D oTITSL <ata (armst is bhr

A. Compoter Model Develepnent Overview

TCEYTET

The ageregeticn of mmitiple criteria rank
3 3 ]

riorities nodel presented in Dodbins ($) was
icoiemented iz Sxrended TONTHEAN, Versicn 4, o the

9

(3]

Lo C¥522 74.  The conrpoter osed the BOS/BE execstive
Frogras and has a $03,530 octal space capacity in its
central memory. TN compoter facility is located im
the Scientific and Sngireering Divisicn of the Man-
nt Informaticn Systex Division of the TS Army
¢ Command {MICIM}, Zedstone arseaal, Alaba=ma,

:
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issi

]

The code was Jdewzloped as aa experimental pro-
graz; therefore., achievement of its maximum =matrix

size wvas not a =ajor considerstion. The fuoll poten-

Iy

oZa
3 . S A e T § m= = X
the 200:z288 Tredblen of 3D prozest oDrioritizat

=se of scbprosras
refinezents daring

Sation. The thirteer

deszribed. Since X
£

oo o 140 x 120 elexzent matrices
=

se3lisis, he Ddatch proces-
ing mode of computation was chosex as the most

5. Jozputer Xodel Code Description
i. Overall Tomputer Model Steps

The cozputer model for this research
rejuires large coxputer core storage space bat oper-
ates very rapidly since it does not use iterativs

calculations. Ffurther, the m=odel's code design
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_— — e e = — = - e - -
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aphasized f{lexidil:t- of srograzmaing options as wel
a5 foture operational

gate 2 wide variely °

generated froz zany @

research in such are:s as fozzy
ference scoring cons . ants, ané cospar

at
tion methodologies. The cosmparative zethodolisgies
z

{2} Flow diagras

1)

Figure 1 contains a si=zplified

=odel flow diagra=. A =205t cosprehensive =odule is

the input subroutire. This bicck of the code inpats

and stores the req' irezents-to-projects translation

eqaivaleacy statesm:nts that are expected te be used

for a number of ruis. The input alss reads and
'3

assigns the run ari sublist contral codes for actions

[*]

r oroductt reguirsuents.

where alternaiives
the next phese is o
oridered reqguirements intoc
Tank ordered D projects.

At the complatiom of
and translation phase, ail
enter the natrix agsregation
transitive rank orderezd 1iis




DATA INPUT

TRANSLATION INDEX
RUN CONTROL
SCORING CONSTANTS
SELF EVALUATION
WEIGHT TYPE
FINAL RANK TESTS
SUBLIST CONTROL
PROJ OR REQUIREMENT
ALT ID
ALT WEIGHTS
JUDGE 1D
JCONV NR
SE THRESHOLD
SUBLIST RANKS
SUBLIST WEIGHTS
SUBLIST SELF-EVAL VALUES

ALTERNATIVE
CONVERSION
TOSTD ALT
FORM

Figure 1.

_ | REQUIREMENTS

TCPROJECT
TRANSLATION

l PR(:JF(,T

SUBLISTS
SECOME

i EACH SUBLIST
‘ IN STD PROJECT

Simplified model flow diagram.

SUBLIST
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MATFICES
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CALC COEFF
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TEST COEFF
OF
CONCORDANCE

Kty




DEVELOP
WERIGHTED
SUBLIST
FREQUENCY
MATRIX

FORM SUMMED
FREQUENCY
MATRIX

Y

BORDA

AND

ADJ. BORDA
RANK ORDERS

FORM
PREFERENCE

MATRIX

CALC ROW
TOTALS AND
AGGREGATION
RANK ORDER

TEST FINAL
AGGREGATION

DIVIDE EACH
Ajj BY NO.
OF JUDGES
TO FORM

FUZZY MATRIX, R,

Figure 1.

A

CALC Fuzzy
RANK ORDER

10

———~| CALC F(R) l

RANK ORDERS

CALC NO. OF
CIRCULAR TRIADS, D

]

{ CALC CIR)

(Concluded).

CALC COEFF. OF
CONSISTFNCY, ZETA
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TEST COEFF. OF
CONSISTENCY
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Initially in this second phase, the sublists
become sublist frequency matrices scored by the
chosen constants. The same standardized sublists are
used to calculate and test the statistical signifi-
cance of the coefficient of concordance.

If weighting and/or judge self-evaluation are
includei for the run, the sublist matrix elements are
next normalized by multiplication by four and then
weighted. At thiz phase, the judge self~evaluation
factors become another multiplicative weight.

The sublist matrix elements, either all
weighted or unweighted, are summed into the summed
frequency matrix which contains the sum of votes, or
weighted votes, that each alternative received when
paired against each other alternative. If there is
no judge indifference, the sum of the values in each
row element become the Borda count for the row (pro-
ject). With or without judye indifference, the sum
of the row element yalues minus the sum of the column
element values is the adjusted Borda count. The
model rank orders these counts into the Borda and

‘adjusted Borda rank orders.

i

i Wy
B h |

The summed frequency matrix element values,
divided by the number of judges, becomes the fuzzy
matrix, R. From R, the model calculates the fuzzy
measures, F(R) and C(R), and the fuzzy rank order.

The comparison of the complement paired ele-
ment values in the summed frequency matrix is the
basis for element values in the preference matrix.
The preference matri: assigns scores to projects for
the number of majority comparisons they win, tie, or
lose. The sum of the row element values provides the
aggregation count for each project. The model rank
orders this count into the aggregation rank order.

The preference row counts also provide the
inputs for the calculation of the number of circular
triads, D, and the coefficient of consistency, zeta.
The mciel tests the statistical significance of zeta.

Last, the model can compare any chosen combi-
nations of the final rank orders (Bcrda, adjusted
Borda, fuzzy, or preference) then determine and test
the RKendall's coefficient of concordance for these
rank orders.
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alternative data to the standard ordinal rank order

INPUT reads the run controls and the sublist

"“'N

ey

It coordinates the calling of subroutine
reads sublist ranks, weights, and self-
data. The self-evaluation rating full
converted to 0 to 1 and the specified

sublist conversions JCONV 2 to 12 are performed in
This subroutine applies the self-evaluation
threshcld and checks all subroutines for completion.
Finally it stores the converted, unweighted standard
form sublists of ranked alternatives.

(3) Subroutine PRAM -~ This is
library subroutine to enter floating point data in
free format form where precise formats are not prac-
In this computer model, PRAM is used to enter
the sublist rank data and the self-evaiuation data.

(4) Subroutine REQUIRE - This
subroutine receives converted requirements sublists
It compares each sublist to the transla-
tion index that has been sorted and arranged by re-
REQUIRE then extracts the projects
that match the requirement in the sublist. A pro-
ject's rank order is built by insertion of the group

The appendix contains a more comprehensive
model functional flow diagram which contains major format.
decision logic nodes. controls.
PRAM which
(b) Subroutine Programs evaluation
scales are
The appendix contains the list-
ing with definitions of key terms for the aggregation INPUT.
of multiple criteria rank crder priorities computer
code, developed for the dissertation vesearch. The
code structure diagrammed in Figure 2 consists of the
pain program and thirteen cubroutine program modules
as follows:
(1) Main Program - DOBBINS ~
The main program coordinates all mainstream proces- tical.
sing of rank orders thrcough the model. 1It calls sub-
routines in the proper sequence for calculations in a
given run based on user and model provided controls
and data. It writes only the summed frequency matrix
and the Borda-type counts and rank orders. from INPUT.
(2) Subroutine INPUT ~ The sub- quirement name.
routire reads and/or coordinates the input controls
and data. The subroutine also converts the sublist
12
e B e B § TR R

ST
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Subroutine module network.

MAIN
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of projects for each requirement. REQUIRE purges
durlications from the raw projects rank order. The
transitive project sublist is returned to INPUT.
(5) Subroutine FREQ - This

subroutine coordinates the placement of the sublists
into sublist frequency matrices and the weighting of
the freguency matrix elements. It further applies
the self-evaluation values to the frequency matrix
elements and writes the sublist self-evaluation fre-~

quency matrix.

(6) Subroutine MATRIX -~ This
subroutine forms and writes th2 sublist frequency
matrix for each sublist. The matrices are formed

using the specified matrix scoring constants.

{(7) Subroutine WEIGHT - This
subroutine applies the specified weighting to each
sublist frequency matrix element and writes the
weighted sublist frequency matrix.

Before any
weights are applied, WEIGHT multiplies all sublist
matrix elements by four.

S
R

{8) Subroutine PREF - This
subroutine forms and writes tae preference matrix,
calculates the number of circular triads, D, and
the coefficient of consistency, zeta, and statisti-
cally tests zeta. The subroutine also calculates the
bracket and average values for D and zeta when frac-
tional sums occur in the preference matrix rows. Alil
D, zeta, and test results are written by this sub-
routine. The matrix is formed using the specified

matrix scoring constants.

(9) Subroutine MDCH - This
subroutine is an International Mathematical and
Statistical Libraries (IMSL) program which is used
for the chi-squared probability statistical tests of
the Kendall coefficient of concordance and the
coefficient of consistency. MDCH automatically
changes to use the normal distribution approxima-
tion, 2, for the hLigh degrees of freedom with the
chi-square statistic. (d4f > 30)

(10) Subroutine ORDER - This
subroutine converts a list of values for a set of

X

J
,1




alternatives into an ordinal rank crdered list of the
alternative identifications. CRDER writes the final

rank order list.

{11) Subrcutine FUZZY - This
subroutine calculates the fuzzy matrix, the measures
F{R) and C(R), and writes the Fuzzy project scores.
This subroutine coordinates the forming and,writing
of the Fuzzy rank order list.

(12) Subroutine CONCOR - This
subroutine calculates, statistically tests, and
writes the results of the coefficient of concordance
for the standard sublists. CONCOR alsc calculates
and writes the intermeciate concordance variables
such as the mean and the sum of the squares of the

deviations from the mean.

{13) Subroutine COMPARE - This
subroutine takes the final aggregate rank orders
from the BORDA, ADJUSTED BORDA, PREFERENCE, and, if
available, FUZZY methods and compares them two at a
time. The pairs of aggregated lists are sent to
CONCOR and evaluated, than return to COMPARE. When

15
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the last pair is evaluated COMPARE returns to the
main, DOBBINS, and the program terminates.

2. Input to the Ccmputer Model
(a) Overview

The inputs to this computer code
lave been kept relatively simpie compared to the
complexity of the model. fhputs are the run controls
and alternative names, the ranking and rating data
entered in free form.

(b} Option Control

Besides the alternative names
and numbers, the first set of cards (one card per
alternative) contain the alternative weight factors
and category for that alternative. The second type
of single control card has integer numerical digits
to designate the type'of weighting technigue (one
through eight), whether the sublists should be com-
pleted, the type of matrix scoring constants for
both the frequency and preference matrices, the

Bunon o

A
-
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self-evaluation control for weighting or weighting
and threshold elimination, and the self-evaluation
scale limit value. The third type control card [one
card per judge sublist] identifies the judge, dosig-
nates the alternative conversion type, and gives the
judge weight factors. The appendix specifies input
data format in greater detail.

{c) Data

The sublist ranks and the self-
evaluation ratings are input -< separate sets of free
format cards. For the subl rank set, the sequence
of alternative numbers indi s the preference order
with minus signs used to indicate equality or indif-
ference. Each sublist ends with an asterisk. The
sublist self-evaluation ratings are listed on their
cards in an order corresponding to the lexigraphic
order of the alternatives® identification numbers (1,
2, 3; ..., etc,).

16
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The primary output OI the com-~
puter model for this research 1s the aggregated rans
ordered list of RsD prcjects. The Snannon majority
method produces the baseline aggregation rank order
list for the model. For comparative purposes, the
model also produces the Borda-type rank orders and
the Fuzzy matrix rank crder. To permit run-by~-run
verification and analysis of each zggregation rank
order, the model outputs the inputs, the sublist
matrices (basic, and if appropriate, the weighted
and/or self-evaluation matrices} and the sum of the

rows for the summed, fuzzy, and preference matrices.
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{b) Evaluation Results

The model further provides the
results of the evaluation of the input sublists and
the aggregation rank orders. It computes, statisti-
cally tests, and prints the major steps of the XKen-
dall coefficient of concordance (7) evalcation of the
standardized input sublists. The statistical tests
conclude with statements as to whether the input rank
orders are consistent at the 0.05 and 0.01 signifi-
cance levels. Again, for verification and analysis
of each evaluation, the model provides the rank
array, the alternative sums, means, the sur of the
squared deviations, the tied ranking factor, and the
coefficient of concordance.

The rmodel also p:rforms up to six Kendall's
coefficient of concordance analyses of all twc-rank
order combinations of the four aggregaticn rank
orders, i.e., Shannon versus Fuzzy, Shannon versus
sorda, adjusted Borda versus Fuzzy, etc. The output
details are the same as those for the ccefficient of
concordance evaluation for the input sublists. These
evaluation data provide a measure of the agreenent

betweer the various final aggregations.

17

The other evaluation parameters are Kendall's
number of circular triads, D, and the coefficient of
consistency, zeta, which evaluate the cyvclicity
characteristics of the Shannon aggregation rank
order. The statistical tests determine if the testec
rank order could have occurred by chance, irstead of
by a sczmewhat consistent preference cethod.

The appendix contains a prograzm list axd sa=-
ples of the output from the computer model.

~

C. Sublist Conversion to Standard Forrmat

The computer model converts input suslist
rank orders of alternatives from various form=s into
the standard format for the freguency patrices.
Secondly, if the sublist alternatives are product
reguirecents, the model translates those subliszs
into standard for= project rank orders.

i. Conversion
The model subroutine INPUT converts

each sublist alternatives to standard format. The
sublist input control rmust specify which conversion
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m=ethod is zppropriate for that sublist's rank data.
The conversion cox=and codes are a. fcllows:

a, JCONVE or JCONV1 - These codes
mean the sublist input is in standaré cozplete foro
and requires no conversion nor syanthetic cozpletion.

b) JCO%V2 - This code =eans the
sublist imput is in the standard, but inco=dlete,
for= and reguires no synthetic cozpletion.

c} JCONV3 - This code =means the
sublist inpit is in the standard, but incozplete,
forz and reguires co=pletion. For SCONV3, the input
rank order is =oved to the lef:t for insertion cf ail
ozitted aiternatives at a lower, and equal, rank on
the right end of the list. In suzmary, JCO%V3 says
the input 1ist should be cozpleted and that is higher
ranked thsn all of the omitted alternatives.

d) JCONV4 - This code means tae
supblist input is in the standard, but incompiete,
fore .nd requires co=pletion. For JCONV4, the input
rank order is moved to the right for insertion of all
onmitted alternutives at 2 higher, and equal, rank on

¥ =g

the l=2ft end of the list. n Suxmary, JCONV: says
that the input list should he complieted, and that 1%

is lower ranked than all of the ozitted aiternative

n
.

in descending order of ihe cardinzl scores, i.=2.,
best alternative has highest score.

£} JCON¥S ~ This code =eans the
input sublist is cardinally scored in soze fashion
and that the alternatives should be ordinally rankec
in ascending order of the cardinal scores i.e.,
largest valued alternative has the lowest score.

g} JTONVYT7 ~ This code ==ans that
two inconplete sublists exist whick are related by a
single Xey alternmative in the prisary list. For
SCONV7, the secondary list is inserted and ranked
iz=ediat:ly below the key alternative. Aarfter being
co=bined, all lcwer or egual rank duplicate alterna-
tives are purged. In sw=mary, JCONVT says that the
secondary list is lower ranked than all alternatives

|
e




in the primary list

”

hat are adove the xevy
alternative.

a) JCOKRYE -~ This code is the

reverse of JCONV7. For JCOXNVE, the secondary iisz is
inserted and ranked izmediately adbove the key alter-
native in the prizary list. 2gzin, 2fter being co=-
bined, ail lower or ecual duplicate alternatives arse
purged. In su~=ary, JCONVE says that the secondary
list is hicgher ranxed than all alternatives in the

prizarv list that are below the key.

1) JCONVY — This code appiies to
coabining two-tier inputs intc a single standard
list.
the lower tier alternatives are ranked.

For JCONVS, beth the vpper tier categories and
The zodeil
places the alternatives, in order, for the highest
category above the alternatives for the second kigh-—
est category above the alternatives for the secnnd
highest category, etc.

j) Jcoxvi€ - This code again
applies to combining two-tier inputs into a single

19

S o=
category egial o the highest aiternmative : o= th
second category. Ihe next lower rank o
would bé the secon

cory ecual tc the second place alternative

another categerv.

case, the upper tier

O

stegories are ranked, but the
lower tier alternatives are unranked. The =odel con-
siders the alternatives within each category to be
egual. It places all the alternatives frox the
highest category first and egual above the egual

T
alternatives from the second place category, etc.

i} JCONV12 - For this two-tier
case, neither the upper tier nor the lower tier
The =odel places all alter-
natives as equal in the single sublist.

alternatives are ranked.
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2. Translation

- Reguirezents to

Projects

If the input alternatives in the
converted sublists represent product requirezents,

re

he model will translate these reguirement lists into
twyect 1ists. 2 set of translation index eguivalen-

o)

cies =ust be separately input into the =model. An
juivalency statement would say, for cxa=ple, that
Project A is equivalent to Reguirement 3, Project D
is eguivalent tc Requirement 6, and that Project A is
it would be anticipated
that the translation index would change infrequentiy

eguivalent to Require=ent 6.

and could ove prepared for input only once for a
series of aggregstion studies.

D. Matrix and Rank Order Formation

Once the sublist rank orders are in stand-
ardized project alternative forrmats, the computer
=cdel foras each into a sublist frequency matrix that
:ndicates which project is preferred over each other
projsct by pair comparisons. The summed frequency
matrix is the matrix element addition of the sublist
frequency matrices.

20
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The preferernce z=atrix is formed froz the
paired cozparisons of each of the su=mzmed fregquency

matrix elezent values.

The project scores are cozputed from the row,
and column, if appropriate, sums of the =lements of
the summed frequency matrix and the preference
=atrix. The model then places that pro3ject with the
highest score highest in the rank order and repeats

the search for each equal or lower scored grojec:.

E. Ancillavy Processes

i. weighting

{2) Decision-Maker Methods

The model input weighting func-
tions are input as a control code and weighting
factor cdata codes.
weights applied to each alternative, WHI, and the
weights applied to each judge, WHJ. If Alternative a
has a WHI value other than 1, everv time Alternative

The weighting factors are the

a appears in a sublist frequency matrix, it will be
weighted by the factor WHI. 1If Judge 2 has a WHJ
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value other than 1, every other alternative in Judge
2's sublist will be weighted by the factor WH3. If
Alternative a is in Judge 2's subiist, .t will be
dual-weighted by WHI and WHJ.

The weighting control code, NWT, is input as a
control integer number, zero to eight. The weight

control codes have the following meaning:

1) NWT = 0 -~ Apply no weichts.

2) NWT = 1 - The alternative
weight, WHI, is wmultiplied by the alternative score
times four in the sublist frequency matrix.

3) NWT = 2 - The judge weight,
WHJ, and the alternative weight, WHJ, are multiplied
by the alternative score times four in the sublist

frequency matrix.

4) NWT = 2 ~ The alternative
score times four, in the sublist frequency matrix is
taken to the WHI exponent.

21

5} NRT = 4 — The alternative

score times four, in the sublist frequency matrix is
taken to the WHI times WHJ exponent.

6) NWT = 5 - The alterrnative
score times four, in the sublist frequency matrix is
multip. ied Oy the alternative weight, WHI, and is

taken to the WHJ exponent.

7) NWT = 6 - The alternative
score times four, in the sublist freguency matrix is
multiplied by the judge weight, WHJ, and is taken to
the WHI exponent.

8) NWT = 7 — The alternative
weight, WHJ, and the judge weight, WHJ, are added to
the alternative score times four, in the sublist fre-

quency matrix.

9) NWT = 8 - The weighted
score is the natural logarithm of the product of the
alternative times four, in the sublist freauency

T
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matrix, the alternative weight, WHI, and th: judge
weight, VHJ.

(b) Judge Self-Evaluation Methods

The judge self-evalu tion (JSE}
methodclogy is implemented as a weighting scheme.
JSE is controlled by the MATR code in the control
card, 1is follows:

1) MATR = 0 - No IJSE.

2) MATR = 1 ~ Tk - JSE facters
are :pplied to all ranked alternatives. No threshoid

is aojplied.

3) MATR = 2 - Tie JSE factors
are applied to ali ran<ed alternative:s. A threshoid
is applied that purges al! ranked alt--rnatives with
JS2 ratings belcw the thr:shold value which is inpur
as: a THLD value.

The JSE ratincs, gplied as 21y real nuzber,
are input for each judge's alternatives by the set of

Number 3 data cards vhich are free ormat. The ISE®

scale. The scaled

altersat:ve SOOTES

I =
T STAazeS ONI0 2 Ters I o

be gses {0, G.5, 1
and greference mat

Tices ars Sesig zad 2y 1% Taics

of the control cars inpots for PTYS. o SFTTEI.

XPTYPl, for the fregoency matriy sIow.wr oomstaats,
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can have control values of zero or one. NPTYP2, for 4.
the preference matrix constants, can also be zero or

one. These values for NPTYPl or NPTYP2 mean

Evaluation Techniques

No controls are necessary to obtain

evaluaticn of the input rank orders. 1In each run

0 : [0, 0.5, 1} where the standard project sublists are complete, the
Kendall's coefficient of concordance computation and

1 : {-1, 0, 1) tests are made.

For every run the Kendall's number

of circular triads and the coefficient of consistency
are calculated and tested for the Shannon aggregation
rank order.

The model applies the NPTYP1 and NPTYPZ values in the

frequency and preference matrix subroutines. The final aggregation rank orders are

comparatively evaluated by the coefficient of con-
cordance method for each combination of final rank
orders that is calculated by the model.
tion and test calculation technidques are summariz=d

3. Fuzzy Set Rank Order
The evalua- |
No controls are necessary to obtain a
Tazzy rank order and its evaluation. But if the
standard project sublists are incomplete, or if JSE
and/or weighting are used, the Fuzzy computations are

in the remaining paragraphs of this chapter.

The evaluation methods selected had to accom-
bypassed.

PR T i
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The Fuzzy matrix is applicable for this
research purpose only if the cell values for each x,y
plus tne cell values for eac. y,Xx are edqual to one.
The Fuzzy set matrix, rank oider, and evaluation
computations were described in bobbins (4).

modate the several (n > 3) rank oarders beirg aggre-
gated, and the several aggcegated rank order outputs
from the different methods. Three Kendall methods
were chosen for the evaluations:

&
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a) Kendall's coefficient of
concordance test

b} Kendall's circular triads
analysis

c) Kendall's rank order consistency
analysis and test.

The implementation of each into the model will be
discussed in the next sections.

(a) Coefficient of Concordance Test

1) The Coefficient - Kendall's
coefficient of concordance, W, was chosen as a mea-
sure of the relation among several rankings (n > 3)
of alternatives. Arrow (1) says Kendall's statistic
W may be used in the same situation in which PFried-
man's two way analysis £ variance by ranks test sta-
Conover (3) said further that
Kendall's W was probably intended as a measure of
agreement in rankings rather than as a test statis-
This interpretation of Kendall's W coincides
with the needs of this research model. The. coeffi~

tistic is availdble.

tic.
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cient of concoxdance is applied in two ways. First,
the method measures the agreement among the judges'
sublists. Second, the method measures thz agreement
between combinations of aggregated rank orders
obtained with different majority rule .methods, i.e.,
Berda, Adjusted Borda, Fuzzy Set, and Shannon. The
first application provides an indication of the
agreement and divergence of the judges, while the
second application provides a measure of the agree-~
ment between the final rank orders results, not just
the winning alternative, from different majority rule
methods. The Kendall's W method is limited to sets
of rank orders that have the same length.
if partial and complete rank orders are aggregated

together, a Kendall's W measurement cannot be calcu-

‘Therefore,

lated unless the incomplete rank orders are syntheti-
cally completed.

The rationale of the coefficient of concord-
ance, W, is to serve as an index of the divergence of
the actual agreement shown in the data from the most
perfect agreement, Seigel (8).

To compute W, first array the rank orders in a
table with M judges ranks listed in rows and

A e e e o Farv ey
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alternatives in columns. Wext, find the sum of the
ranks Ry, in each alternative column. The mean sum
Ry, is calculated by summing Rj values for all
alternatives and then dividing by the number N, of
different alternatives. Next, the deviation from the
mean Ry - Ryl is calculated for each alterna-

tive. Next the square of these Ry deviations are

summed into an S value. S, therefore, is stated as

IR, |2
R, - — .
1] 3 N

w
[}
It o1 2%

Tied alterratives in a ranking cause complica-
tions in Kendall's W computations. Excess numbers of
tied ranks in an aggregation tend to depress the
value of W. A correction is available, Kendall (7),

to adjust this effect of excessive tied rankings.

To correct for tied ranks, first count the
number of observations, t, in a group, g, of alterna-
tives tied for a given rank level in each judge's
sublist. Second, the T factor is calculated for each
row, i, {judge's sublist) by the equation

25
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where Iy g means to sum the (t3 - t) term for
each tied group in the judge's sublist. Third, the

T{ values are summed intd> a total fer all rank
orders in the problem by

The tied runking correction and the squared
sum of deviations, S, are used in Lhe coefficient of
concordance, W, eguation

where M is the number of judges and N is the number
of alternatives. 1If there are no significant tied

ranks, W is
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2) The Test - Kendall (7)
developed methods and special small N value prob-
ability tables to test the hypothesis Hg: there is
perfect disagreement between the judges (there is no
The test for Hy
varies depending on the value of N (the number of
alternatives). W varies from zero to one. It will
be one when the ranks assigred by each judge are
exactly the same as those by the other judges. W
will be zero when there is maximum disagreement among
the judges.

concordance between judges).

For N (number of alternatives) between three
and seven inclusive, and M (judges) < 20, the signi-
ficance of concordance under H, is tested by the §,
the sum of the squared deviations, test in the model
by using Table 1, which is a combination and exten-
sion of two Kendall tables (7), (Appendix Tables 5
and 6).
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If the aggregation model calculated values for
S exceeds the tabulated critical values for each
level of significance (0.01 and 0.05), then it is
concluded that agreement is significant.

For the degree cf freedom, v, less than or
equal to 30, which includes N (number of alterna-
tives) greater than seven and less than 31 and M
{number of judges) greater than two, the significance
under H, is tested by the corrected W, the coeffic~
ient of concordance, and the xial (calculated chi-
square) where

2
Xcal

=M(N- 1) W

with the degrees of freedom, v : N - 1. The xgal
value is tested against xéR (critical x2), in (7}
{Appendix Table 8), on page 191 in Kendall (7). The
0.01 and 0.05 significance levels of xZg are read
from the P = 0.01 and P = 0.05 columns, rvespectively.
it xéAL is greater than X%R, then H, can be
rejected, and it can be concluded that there is
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TABLE 1. SIGNIFICANT POINTS OF S (FOR THE COEFFICIENT OF CONCORDANCE W)
N N
M 3 | 4 | s ] e | 7 M 3 | o« | s e |
Values at 0.05 Level of Significance Values at 0,01 Level of Significance
2 7.8 18.5 37 58 97 2 7.9 19 39 68 104
3 18 35 64.4 103.9 157.3 3 19 42 75.6 122.8 185.6
A 25 49,5 88,4 143.3 217.0 4 31 61.4 109.3 1.76.2 265.0
5 31 62.6 112.3 182.4 276.2 5 41 80.5 142.8 229.4 343.8
6 38 75.7 136.1 221.4 335.2 6 52 99.5 176.1 282.4 422.6
8 48,1 101.7 183.7 299.0 453.1 8 66.8 137.4 242.7 388.3 579.9
9 54,0 114.8 207.4 337.8 512, 9 75.9 156.4 275.9 441.2 658.4
10 60.0 127.8 231.2 376.7 571.0 10 85.1 175.3 309.1 494.0 737.0
12 71.9 153.8 278.6 4564.2 688.6 12 103.5 213.1 375.5 599.7 894.
14 83.8 179.9 326.1 531.7 806.1 14 121.9 250.9 441.9 705.4 1051.
15 89.8 192.9 349.8 570.5 864.9 15 131.0 259.8 475.2 758 . 1129.5
16 95.8 205.9 373.5 609.3 923.7 16 140.2 288.7 508.4 863.8 1208.
18 107.7 232, 421, 686.8 1041.2 18 158.¢€ 326.4 574.8 916.6 1364.9
20 119.7 258.0 468.5 764.4 1158,7 20 177.0 364.2 641.2 1022.2 1521.9
Note: Modified Kendall's Appendix Table 6 {7)
<4
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significant agreemeht among the judges at the levels
selected (0.01 and 0.05).

For N between three and seven inclusive, and M
greater than 20, the model used the same xéAL and
ng method just described.

For degree of freedom, v, greater than 30
(N > 31) and all values of M greater than two, the
significance under Hy is tested by the tie correc-
ted W, the coefficient of concordance, xéAL shown
previously, and the Zcap value tested against the 2
in the normal distribution. First calculate

/

-/ 2v =1

with the degrees of freedom, vV = N - 1. The 2cag
value is tested against Appendix Table A, page 247,
in Seigel (8). Pcgr values are 0.01 and 0.05 for

the respective significance values. If Pcpj, is

less than or equal to Pcr, then H, can be rejec-
ted, and it may be concluded that there is signifi-
can: agreement among the judges at the levels selec-

ted (0.01 and 0.05). The model for this aggregation 1
research selects the type of concordaice statistical
test base¢ upon the values of M and N.

(b) Circular Triads Analysis

Kendall's circular triads anal-~
ysis {(7,21) was chosen as a measure of the acyclicity
of the pair majorities in the preference matrix of
the S..annon method. In preference matrices of more
than three alternatives, it is possible to have the
majority preferences of three alternatives zligned to
be ci1::ular triads. For example, Kendall presents a
preferance matrix example ((21) page 145) which would
have a Shannon majority rule aggregate rank order of
A=C>B=E=F?5> D. When analyzed internally, it
has five circular trials: ACDA, ABDA, AEDA, AFDA,
and BEFB. Triads are counted because, for example,
any circular tetrads must contain two circular
triads. Kendall further proved that the maximum pos-
sible number of circular triads is

3
SE—QE—EL if N (number of alternatives) is odad,

Bamm +

;
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and it is
> - 4w
— 1f N is even.

The minimum number of triads is zero. He further
proved that the maximum and mininum number of triads
can be attained by arrangement of preferences.
Kendall's equation for d, the number of circular
triads in a preference matrix, consists of the terms
N (number of alternatives) and aj, the sum of the

rows of the preference matrix. The equation for d is

1 1l
d:-é-N(N-l) (N—Z)-i

The Kendall derivation of 4 is based on rank
orders without tied pairs (indifference). When a
preference matrix has tied pairs, it causes pairs of
The fractions are
When tied

pairs exist, the sum of the aj is not necessarily

a; terms that have fractions.
always one-half, i.e., 1.5, 3.5, 6.5, 7.5.

N\ _ N _ N1 _N (N - 1)
2)‘ 2, N~2)7 21T W - 2yy 2

29

iy
X

[

i

. »ﬁ‘

1

which is the sum of aj for integer valued, no tied
pairs. preference matrices. To resolve this problem,
the model for this research brackets the possible 4§
values if fractional pairs of aj's exist. The

steps of the d bracketing method are:

Step 1:
of their value.

Arrange the aj row totals in order

Step 2:
row totals.

Count the number of fractional aj

Step 3:
of the fractional aj values upward to their next

Round the upper one-half of each pair
larger integer values.

Step 4: Round the lcwer one~half of each pair
of fractional aj values downward to their next

smaller integer.

Step 5: Verify that the sum of the rounded
aj's equals 1/2 N (N - 1).

Calculate a d value for this rounded
Label this the "lower 4" since

Step 6:
set of aj; values.

Mg
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it will give the lower value of zeta, the coefficient
of consistency yet to be described.

Step 7: Return to the ordered unrounded
aj's and round the upper one-half of eacn pair of
the fractional aj values downward to their next

sraller ir'.ger values.

Step 8: Round the lower one-half of each pair
of the fractional aj values upward to their next
larger integer values.

Step 9: Verify that the sum of the second
rounded aj's equals 1/2 N (N - 1).

Step 10: Calculate d value for this second
rounded set of a; values and label this the “upper
a~.

Step 11: Average the lower d and upper d to
form an approximate @ for the matrix with the tied

pairs.
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(c) Coefficient of Consistency

Kendall (7) extended the number of circu-
lar triad analyses to a coefficient of consistency,
zeta, which relates the calculated number of circular
triads, d, to the maximum number possible: 1/24
(N3 - N) if N odd or 1/z4 (N3 - 4N) if N is even.
The equation for the coeff.cient of consistency is

1- 2% if N is oae
N” - N
zeta =
- 244 . .
i — if X is even.
N~ - 4N

For no inconsistencies {(no circular triads), zeta is
unity. As the number of circular triads increases,

zeta approaches zero.

To test Kendall's coefficient of consistency,
special tables modified from Svestka (9) and Kendall
(7)., x2 tables, and normal distribution Z tables
will be used. The hypothesis tested is H,, zeta is
not significant and there is no consistency in the




aggregated rank order. The test for H, again
varies depending on the value of N {the nu=mber of
r alternatives). Begin with a calculated zeta.

For N (number of alternatives) less than or
equal to nine, use Takle 2 which is modified fro=z=
Appendix Table A-3 in Kendall (7) and Svestka (9).
For an N value, enter the table with a zeta to obtain
a Poap, value. If the Pppy equals or exceeds each
level of significance (0.01 and 0.05), then Hg is
accepted and the rank order is not consistent. If
each level of significance is greater than 2gai..

Hy, is rejected and it is concluded the rank order
ic significantly consistent.

For N (number of alternatives) > 10 and < 23,
the significance under Hy is tested by a Xcpr
{calculated chi-square) test, where

2 -_8 {1 X _ 4
“ca, " N-4 (T -3 T

N

where the degrees of freedom, v, are

31

The ngL value is tested against xéR in Appendix
Tabie 8, page 191, in Kendall (7). The (.05 and 0.01
significance levels of Iég are read fro=z the P =

0.95 and P = 0.%9 columns, respectively. If xgg is
> xéaLr then accept H, that the rank order is not
consistent, but if xgg is < 1555. then reject

Hy and it can be concluded that there is signifi-
cant consistency among the final rank order.

For degrees of freecom, u, greater than 30
{W>23;, the significance under H, is tested using
the Zcap, shown above, and the Zca; value tested
against the Z in the normal distribution. First
calculate

| (-
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TASLE 2. PROBASILITIES FORX CORSISITENCY
COEFFiCIENT, ZEIA, FOR X = 3 THROUCH 9
F Hoz zeta is not significant. If F > a sccept Ro' if a > P, reject Eo.
| ]
X=3 E=5 x=7

Zeta r Zes 4 Zeta ¥
o 1.:.2 1] 1.00% o 1,500
1.000 ] 0.200 0.703 6.072 €968
0.450 0.46% 0,143 0.853
0.650 8.234 0.214 €.737
3 0,820 0,117 0.28 6553
1.8%0 [+ 0.357 0,820
C.429 C.287
0.500 0.198
s 0.572 0,312
Q.643 0.D6%9
0.715 0.633
0.787 0.617
9.853 0,005
0.929 0.602
1,000 0.000
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TABLE 2. (CONTINUED)

| §
N=4 R=56
F Zeta 4 Zeta P
1] 0.625 0 1.000
0.7 0.375 0.125 0.773
1.000 o 0.250 0.509
{ 0.375 0.398
0.500 0.208
0.625 0.120
0.750 0.051
0.875 0.022
1.000 0.000
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TABLE 2. {(CONTINUED)

Na3g N-8
Zota P Zeta 3
0 1.000 0.550 0053
0.050 0.949 0.600 0.057
0.100 0.859 0.650 0.023
0.150 0.768 0.700 0,011
0.200 0.629 0.750 0.0064
0.250 0.520 G.800 0.0028
0.330 0.390 0.850 0.0013
0.350 0.299 0.900 0.0004
0.400 0.208 0.950 6.0001
0.450 0.153 1.600 0.0000
0.500 £.094

4




»

P

Woa .
T A

o B kW g b
Leg

TABLE 2. (CONCLUDED)
k=9 =3

Zeta P Zeta P

] 1.000 0.533 0.045
0.033 9.9976 0.566 0.030
0.066 0,980 0.600 0.019
0.100 0.945 0.633 0.012
0.133 0.882 0.666 ©.907
0.166 0.803 0.700 6.00%.
0.200 0.702 0.733 0.0023
0.233 0.611 6.766 ©.3013
0.266 0.498 0.800 0.0006
0.300 0.408 0.833 0.0003
0.333 0.320 0.866 0.000%
0.366 0.248 0.900 0.0001
0.400 0.183 0.933 0.0001
0.433 0.138 0.966 0.6201
0.466 0.095 1.000 0.0000
0.500 0.067
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2% - 1 with the degree of freel:z,

“

S tested pjainet Ippendiy Tanis 3,

from the table for the Zpap values. The Pey

vaioes are $.0Gl1 ané €.05 for the chosen significanc

ievels. 1If Pgy: < Pcps then accept Hy and

concicde that there is no significant consistency.
if Poar > Pop then reject H, and conciude tha:
there is significant consistency. The =odel selects

the correct test based pon the values of N.
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II. COMPUTER MODEL VERIFICLTION AND VALIDATION

This chapter contains the verification and
validation of the computer model, including sample
numerical validation problems.

A. Verification
1, Model Design and Test

Verification that the rank order
aggregation computer model was implemented properly
in the computer code was accomplished through the
modular design of the code, unit testing of each sub-
routine, phased buildup of the computer model with
tests after each phase is added, running a series of
test problems for comparisons of computer model out-
put with hand calculated results, and a final exer-
cise of all options in the program.

Extensive model validation in the sense of
running large aggregation rank ordered priorities
problems was not possible due to the lack of avail-

37

able problems with known solutions using any of the
four majority rank methods that are built into the
computer model. Validation of portions of the mcdel
options against moderate sized known problems with
solutions from the literature was accomplished.

Some of the special features of this model, such

as weighting, fuzzy rank orders, and jJudge self~
evaluation were validated by calculated extensions
from matrix aggregation methods coniirmed against
the literature.

2. vVerification Demonstration

The computer model's flexibility was
verified and demonstrated through the exercise of
most of the computation options for a cingle set of
complete sublist rank orders, a single set of partial
sublist rank orders, a set of alternative and judge
weights, and a set of self-evaluation ratings. The
data input reflected five judges' {(ore through five)
evaluation of seven alternatives (A through G). The
iudges’ rank order sublists for the complete set of
data areas follows:
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Judge 1:

Alternative Order:
A>B>C>D>E>»F> G

Alternative Indew, Order:
1>2>3>4>55>86>7

Judge 2:
Alternative Order:
G>B=D>A=C>»F>FE
Alternative Index Order:
7>2=4>1=35>6>6°5

Judge 3:
Alteraative Order:
C>D=E>F=G>A>FP
Alterrnative Index Order:
3>4=5>6=7>1>2

Judge 4:
Alternative Order:
A>G>B=F>C=D>E
Alternative Index Order:
1>75>2=6>3=4>5
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Judge 5:
Alternative Order:
L>C>B>A=E>G>F
Alternative Index Order:
2>3>2>1=58>7>68

The decision-maker weights are as follows:

Judge Weights:

Judge 1: 1
Judge 2: 1
Judge 3: 4
Judge 4: 2
Judge 5: 1

Alternative Weights:

Alternative A (1): 2
Alternative B (2): 2
Alternative C (3): 4
Alternative D (4): 1
Alternative E (5): 1
Alternative F (6): 4
Alternative G (7): 1
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The judges' self-evaluation ratings for these altern- Judge 2:
atives are listed below. Since the JSE scales differ Alternative Order:
for each judge, the upper limit of each scale, where G>B=D>A>F>E
! the rating is units, is also given as the ISEM value: Alternative Index Order:
7>2=4>1>6>5
Judge
Judge 3:
Alternative 1 2 3 4 5 Alternative Order:
A 2 1 4 5 E>F=20
B 8 4 2 10 4 Alternative Index Order:
c 4 2 4 10 5 5>6=7
D 6 3 3 6 5
E 2 1 4 8 1 All weights are the same for the alternatives for the
F 10 5 4 7 5 complete and incomplete sublists data..
G 8 4 3 5 4
Limit The model options exexcised for the complete
! (ISEM) 10 9 4 10 5 sublist demonstration problem are the eight decision-
maker weight types (NWT 1 through 8), the two judage
The judges' rani order sublists for the incom- self-evaluation types JSE M = 1 (without threshold)
plete set of data are listed below. The judges' sub- and JSE M = 2 (with threshold), the matrix scoring
lists for Judges 1, 4, and 5 were complete and were constants (0 for 0, /2, i and 1 for -1, 0, 1), and
the same values as for the complete set of data. The combinations therecf. The model outputs compared
incomplete sublists are: consisted of the adjusted Borda rank order, the
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Preference rank order, coefficient of consistency
data, and coefficient of concordance data for the
adjusted Borda rank order compared to the Preference
rank order. The consistency data included the number
of circular triads (4), the consistency coefficient
(zeta), yes-no (Y, N) statements as to whether the
consistency coefficient was significant at the 5 per-
cent and 1 percent levels. The results concordance

} data are the mean (M), the square of the deviations
(S), the Kendall's concorance values (W), and yes-no
(Y, N) statements as to whether the adjusted Borca
and the Preference aggregation orders are in signiti-
cant concordance to the 5 percent and 1 percent
levels. Since most runs were weighted or self-
evaluated, Fuzzy comparative rank order data were
unavailabie. Table 3 presents the results for the
complete sublists. The first line of each table uses
> and = symbols. After the first line,
sent the greater than (>) symbols. For this example,

the resulting rank orders vary widely for each model

commas repre-

parameter option except the changes in scoring con-
stants. For qualitative verification, each run
should be compared with the basic run (Cl). For
example, Run C2 uses multipiicative alternative

weighting {(WI). For this example, alternatives C (3)
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and F (6) are weighted heaviest, followed by alter-
natives A (1) and B (2), followed by the remaining
alternatives. fThis explains how the 3 and 6 alter-
natives move to higher rank positions in Run C2 as
compared to Run Cl. Similar logic can explain the
differences in each run from Cl.

data show that the multiplicative and exponential

The consistency

weight types tend to braing the Borda count matrix
aggregation closer in consistency to the majority
The model

options exercised for the partial sublists demon-

preference matrix aggregaticn order.

stration problem are the same as those for the com-
plete sublists data plus the two sublist completion
options, JCONV 3 and JCONV 4. The model output types
for the partial ‘ata are the same as for the complete
data.
sublists.

Table 3 presents these results for the partial
Run-by~run comparative analysis shows that
the options are reasonable.

B. Model Validation

Computer model validation was accom-
plished by comparing results of the computer model to
results for examples found in the literature. The
literature often gave only winners for the method

acer
k}
e




i

WA A &

pRTESY

e

TABLE 3.

VERIFICATION

DEMONSTRATION RESULTS COMPLETE SUBLISTS

k.o eore Fapaseter Al Berdas Preference Coasistency Results Conccordance
Ko, Const Varled Rank Ozler Rank Order D Zeta 3 1% » s - 3 It
<1 9,2 BASIC $23>1>2>7x52»6 A4>3123>2>5=7>6 4.5 0.8 X ¥ 8 1084 0.5 Y Y
(4 % 3,1, 2,4,6,7, 5% 3, 1,2, 4=9,5,7 % H L I § $ 03,8 3.9% ¥ Y
€3 0.2 3, 6,5, 4.2,0.5 3.€,3.4,2, 0 =7 2.3 .2 X 8 110.3% -C Yo
<3 ¢ 2,6,1,2,4 12,9 3, 6,1, 2,4,58,7 Q 1 Y v ¢ 110 8.8 Y Y
<5 L,0 BT e A{EXR(RI-WI)) 3, 6,4, 7,5, 2 3.6, 1, 2%, 8=7 : 0.8+ Y Y 8 8 v.ls N XN
[ 1.0 WT o= 5(WI EXP wJ) 36, 4,5, 7,1, 2 o4, a6 7,1,2 0 1 r X 8 106 495 Y Y
< i R BT - S0 BXF ORI 3,6,4, 7025 3, 6,1, 2. 4,5, 7 < 1 RO § & 90 0.80 M N
<s .9 b M A 3,1, 5,2, 7,6, 8 3,12 4%,5=12,6 bl 0.64 N N 8 1015 0635 Y N
L34 S N7 o= E{10g(¥1-WI}) 3,3, 4,2,7.6, 5 3, 14,2,7,5-6 5 0.64 X M 8 109 ¢ Y X
(5] 2.0 JSE (X~ 1) 4, 3,2,3,1,6, 8 4,3, 1,.1.2, 6,8 0 1 Y X 8 104 0.93 Y M
[% 3 o0 JSE (4 + 2} 4 3,1, 2,5, 7,6 &, 3,1, 2=5«7,6 & 371 Y N 3 105 0.98 Y ¥
[ ¥4 1,1 25IC 4, 3,1, 2, 7,5, 6 4,1, 3,2, 57,6 4.5 0.68 X N 8 i05.5 0.98 Y Y
<13 1.1 ISE (M= 1) 3,4,2,1, 7,5, 6 3,4, 1, 25«7, 6 1 0.9 Y Y 102 0.94 Y ¥
- <14 1,2 JSE (M~ 2) 3, 4,2,1,7,5, 6 3,4, 1,2, 7,5, 6 3.8 035 Y N s 1o 098 Y Y
<15 L1 NT o= HOF Fy 3,6,1,2,4,7,5 3, 6,1, 2,4,5, 6 [ 1 L B 4 8 110 0.8 Y Y
Cle 1.1 ST = S{EXP{¥I-WI)) 3,6, 7,4,5,1},2 3, 8.1, 2, 4.5, 7 2 0.86 Y Y 8 80 0.73 N X
<1? Ll BASIC 4,3,14,2,7,5, 6 4,1.3,2,5=12, 6 4.5 0.68 N XN 8 108.5 098 Y Y
(51 0.1 I5E (M= L) 4,3, 2,7,1,6,5 4,3,1,172,2.6,5 0 1 Y Y 8 1% 0.93 Y %
Cly 0,1 WWT - J(EXP WI) 3,6,12,2,4,7,5 3,6,1,2, 4, 5,7 0 1 Y v & 10 098 Y Y
€20 0,1 WT = S(EXF(WIeRI)) 3, 6,8, 7,5, 1,2 3, 6,223,572 2 0.86 Y Y 8 88 0.76 X X
c21 1,0 RASIC 4 3,12 .2,17,5, 6 4,1,3,2, 5=12,6 4.5 0.68 x % 8 108.5 O0.98 Y Y
€22 0,0 JSE (M~ 2) N1 =) 3, 6,4,1,2,5,7 3, 6,b1=2=4,72,35 1 0.93 Y Y 8 104 0.96 Y X
c23 0,1 ISE (%= 2) T = 3 3, 6, 46,1, 2,5,7 3, 6,b1=22-4,7,5 1 0.93 Y Y 8 104 0.96 Y N
€24 0,0 JSE (M=2) T - 4 3,6, 4,5,2,1,2 3, 6,4, 5,1, 2=72 0 1 R S 4 8 107.5 0.57 Y Y
41
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TABLE 3. VERIFICATION DEMONSTRATION RESULTS PARTIAL SUBLISTS
ra Score Sy Paraseter Ad sords Preference Consistency Results Concordance
No. Coost Compl Varied Rark Order Raok Order D Zeta 52 12 4 s ¥ 5T 12
P11 0,0 Partial Basic 1>2>4>35>7>53>6 1=22>3=4>5=75% 4 0.7 Y & 83 107.5 0.9% Y Y
P2 0,0 NWT = 1(w1) 3,1, 2,4,6,1,5 1e2«3,6,45,7 1.5 0.8 Y ¥ 8 162 0.9 Y N
P3 0,0 WT = 2(WI-wJ) 1,3, 2,6,6,7,5 1, 2,326,457 H .93 Y Y & 1015 9.55 Y N
P4 0,0 NWT = 3(EYP WI) 3, 6,1,2,4,2,5 X 1=2,6,4,5,7 0.5 0.96 Y Y 3 102.5 0.92 Y N
PS5 0,0 NWT = &(EXP(WI-WJ)) 6, 3,1,2,4,7,5 1, 6,2,3,4e5=7 1 0.9 Y Y -] 96 0.89 N &
P6 0,0 NWT = S(Wt EXP W) 1, 5,2,3,4,6,7 1, 2,36, 5=12,4 6 Q.57 N N 8 84 0.76 X X
7 0,0 NWT = 6(8J EXP WI) 3,6,1,2,4,7,5 3,2, 6, 4°5a7 2 0.86 Y Y 8 w0 0.93 Y N
P8 0,0 NWT = 7(4W14J) 1,2,3,4,7,6,5 1, 2,3, 4e5=7,6 1 0.93 Y Y 8 102 0.9% Y N
P9 0,0 NWT o B()>z(WI-¥J)) 1, 2, 3,4, 72,6, 5 1, 2,3, 4=7,5=6 2 0.86 Y Y 8 109 0.%9 Y ¥
P10 0,0 Y JCORV 3 1,2, 4=17,3,5,6 1, 2,7,4,5,3=6 5.5 0.61 % N 8 106 0.96 Y Y
P11 0,0 Y JCONV & 1=3,2,4,17,5,6 2=23,1,4,5,7,6 1.5 0.89 Y Y 8 1035 0.4 Y &
P12 0,0 JSE (¥ = 1) 2,4,1,3,7,6,5 2,4,1=3,7,6,5 o 1 Y r 8 110.5 1.0 Yoy
P23 0,0 JSE (M = 2) 4, 2,1,3, 7,6, 5 2~4,3,1,7,6,5 2 0.86 Y Y 8 1085 0.98 ¥y Y
P14 1,1 NWT = 3(EXP WI) 3,6,1,2,4,7,5 3,1%2,6,4,5,7 0.5 0.9 Y Y 8 102.% 0.92 Y X
P15 1,1 MT = 4(EXP(WI-R])) 6, 3,1,2,7,4,5 1;2,6,3, 4=«5=7 1 0.93 Y Y 8 90 0.83 ¥ x
P16 1,1 BASIC 1, 2,4,3,7,5,6 1, 2,3,4,5,7, 6 4 0.71 Y N 8 107.5 0.99 Y 7Y
P17 1,1 Y JCowv 3 1, 2,4=7,3,5,6 1, 2,7,4, 5,36 5.5 061 N x 3 105 696 Y v
P18 0,1 BASIC 1,2, 4,3,7,5, 6 1=2,e4,5=7,6 4 .71 Y x 8 107.5 0.9% Y Y
19 0,1 R 4 Jcoew 3 1,2, 4=7,3,5, 6 1, 2,7,4,5,36 5.5 061 X Xx 3 106 0.96 Y Y
20 0,1 NI =3 3,6,1,2,4,7,5 3,12,6,4,5,7 0.5 096 Y Y 8§ 1025 0.92 Y %
P2 1,0 BASIC 1, 2,4,3,7,5, 6 1=2,3=4,5=172,6 4 0.7 Y x & 1075 0.99 Y Y
r22 0,0 Y J(XI;“V"!: .;Sl M=2),13,6,2,4,1,5,7 2=3,1,4=6,7,5 3 0.79 Y x 8 95 0.3 ® x I
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TABLE 3. (CONCLUDED)
Consistency Results Concordance
Run Score Syn Parameter Adj Borda Preference
Ko. Const Conpl Varied Raank Crder Rank Order Zeta 52 12 s v 52 1
P23 0,1 T JCONV 3, JSE M =~ 2), | 3>6>2>4>1>53>7 {2=3>1354=6>7>5 0.79 ¥ N 95 0.86 N K
NWT = 3
P24 0,0 Y JCONV 4, JSE M = 2), { 6, 3, 1, 2,7, 4,5 1=3,2=6,7,4,5 0.86 Y Y 101 0.92 Y X
NWT = &
P25 0,1 Y JCOXY &4, JSE (X = 2) 6, 3, i.2,7, 4,5 1=3,2=6,7,4,5 0.86 Y ¥ 101 0.92 Y X
NWT = 4
43
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employed. The validation was divided into areas f concordance results for the sublists and for selecte.
method emphasis in the literature examples as fol-~ pairs of final aggregation results.
lows: Borda and adjusted Borda; Borda, Condorcet,
and Black; Borda, Condorcet, Black and Copeland; Fcr Case 1 of Table 4, Richelson presented X
Copleland; Shannon preference and others; and special as the Borda winner which is in agreement wiih both
purpose examples to validate other model areas such computed Borda orders. "Majority"™ in Case 6 means
as tied data and evaluation tests. Each case in the alternative which has the most "majority" victor-
Tables 4 through 9 preserts the literature example, i~s. 1In the model, "majority® would correspond to
its published results, the comparable results from the PREF order or the Copeland order if different
the computer model, and additional model results. matrix scoring constants are considered. Again, in
Cases 3, 4, and 6, the computer results correspond to
{ All six tables have the same format. The the literature example. 1In Cases 2, 5, and 7 througrh
left hal. of each table page is quoted from the 11, the literature examples give the Borda and in
literature. First the reference identification is some cases, the adjusted Borda counts. For Cases 2,
listed, then the example cu»blist rank orders are S5, 7, and 11, where there are no ties in the sublist
s shown. Last, key auswers from the literature are ranks, the computer data fully agrees with the liter-
given. The right half of each table page contains ature examples. But in Cases 8, 9, and 10, where
results from aggregating the literature example sub- there are ties (indifference) in the sublist ranks,
lists in the computer model. The upper left portion the computed adjusted Borda rank order counts agree
of the computer model side of the page contains the with the literature, but the Borda counts do not
various final rank orders as computed. The upper match. Black {BK-Bl) said that the purpose of the
right portion of the model side of the page contains alternate Borda count method was to correct problems
the results of the coefficient of consistency test- in the Borda count method when ties exist. Black's
ing of the preference matrix. The lower portion of Borda method assigns to a tied alternative the score
the model side of the page contains coefficient of of the average tied position while the Borda count
44 {
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TABLE 4.

YODEL VALIDATION WITH

Borda ang Adjusted Borda

Literature ¥odel Results
Case 1 Ref: Richelson (30) p. 42 Aggregation Orders Consistency
Qty Sublist Orders Borda: x>y>z D=¢
1 x>y>z Adj. Borda: x>y > 2z zeta = 3
2 x>z>y Pref: ¥y x>z 52 Cons: Yes
4 y>x>z Fuzzy: y>x>z 1% Cons: Yes
Answer: Borda: X Concordance
N Sublists Borda/Pref
{ Mesn: 14 &
Sua sq: 38 ]
Coetf W: 0.388 0.75
5% Comc: So o
12 Conc: o So
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Case Rel: 3lsck {2} p. 81 Aggrezaiicn Ovders {emsistencs
oty Sebldse Ordars
Bords Cow=z: &, = 353, A, = &, 5=90
1 SA A A > .
- 1% H
; R k ' A, =72, A - 77,
i 2 A A A A A i =
H H Ay = £
H i .
: 8 Ao > Ag >Ry > Ay > A ;
: - o1 Bordz e Ad% Borde: A, > A, sezz = 1
i 9 A > A >R3> A > A i
é ThA Y
15 Ay > A > 13 > A, > A i
' Prei: L:>A2>A1 52 Cozs: TYes
i 3 1
Azsver: lorda Comt: f >4 A.‘. 12 Cecne: Yes
Ay =55, A, =86, 4y~ T2, §
A, =7 -6 i
% ¢ " Consordanze
H esasiists Bordal
. e Pref
Meza: 135 €
i Se= 3q: s 26
i Coeff u: 0.072 0.65
1
! 5% Come: Xo %o
: 1% Cones 5 %o
i
i
* - ry

See the texr.
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TABLE 4.

{CONTINCED)

Borda and Adjusted Borda
Case 3 Ref: Moon (23) p. 241 Aggregation Orders Consisteacy
Qty Sublist Orders Borda: ¢, > c2 > C > D=2
! €>26G>6>4 Adj Borda: €, >C,>Cy>C, zeta=0
1 €3>6,>6>6G oref: ¢ =€ >C =C  5IcCons: o
1 %2462 G Puzzy: €, >C,=Cy=C, 1T Cons: ¥o
2 cC.>C.>C, >¢C
1 < 3 3 Concordance
Sublis Borda/ Borda/ Pref/
. . - ts Pref Fuzz Fuzz
Ansver: Borda: ‘.1>c2>c3>c,. y y
Mean: 12.5 5 5 5
Sum Sq: 5 17 14 il
Coeff W: 0.040 0.944 0.875 0.786
5% Come: Xo No XNo No
1X Conc: No No No No
&7




TABLE 4. (CONTINUED)

Borda and Adjusted Borda

Cagse 4 Ref: Richelson (28) p. 33 Aggregation Jrders Censistency
Qty Sublist Orders Borda: X>B>Y>A D=0.5
1 X>Y>E>A , &j Borda: X>B>Y > A zeta = 0.75
1 B>X>Y> a4 2ref: X>B>Y>A 5% Cons: Yo
Copeland: X>B>Y > A
Ansvers: Borda = Copeland Fuzzy: X=38>Yx=A4A 1% Cons: XNo
= Dodgson = Black = X
Concordance
e | ot | heel | md
Mean: 5 5 5 5
Sum Sq: 14 20 17 17
Coeff W: 0.70 1.0 G.544 0.944
52 Come: Xo Yes Yo No
iZ Conc: No Yes No Yo

48
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TABLE 4. (CONTINUED)
Case 7 Ref: Black (2) p. 63 Aggregation Orders Consistency
aty Sublist Orders Borda Count: ‘\l =45, Az = 56, D=0
2 Ay > Ay > A 2 A Ay =52, A, =45
5 Ay > 4y > A3 > 4y Adj Borda Count: A) = -9, A, = 13, 2eta = 1.0
1 M R B Ay =5, Ay =n9
15 Ay > Ay > Ay > A Borda = Adj Borda: 4, > Ay 5% Cons: Yes
>A A,
Answer:  Berda Count: Pref: AL > A, > 4, > ;\& 1% Cons: Yes
A, =45, A, = 45, 27 "
1 2
A3 = 52, Ay, = 45
Adj Borda Count: Concordance
A= -9, Ay = 13,
*Sublists Borda/Pref
Ay ™ 5, A, = -9
Mean: 10 5
Sunm Sq: 14 16.5
Ceeff. W: 0.175 0.868
5% Conc: No No
1z conc: No XNo
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TABLE 4, (CONTINUED)

Case 8 Ref: Black (2) p. 63 Aggregation Orders Consistency
Qry Sublist Orders Borda Count: A =535, D=0
5 Ay > 4y > 4y A, = 14.5
6 Al = Ao > A2 Ay = 52
9 Ag > Ay =4, Adj Borda Count: A, = 27, zeta = 1
20 Ay > Ao > A2 A, = =51,
A - 24
: Borda Count:
Ansvers Aor.a“(’m: =10, A() - 40 Borda = Ad: sorda: A, > Ao > A3 52 Cons: Yes
1 2
Ad} Borda Count: Pref: Ap > Ay > Ay 1% Cons: Yeso
4y = 27, Ay = =51, A = 24
Concordance
*Sublists Borda/Pref
Mean: 8 4
Sum Sq: 4.5 8
Coeff, W: 0.161 1.0
5% Cene: No Yes
1Z Conc: No Yes
[
52
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TABLE 4,

(CONTINGED)

Case 9 Ref: Black (2) p. 64 Aggregation Jrders Consistency
14 Sublist Oider
Qty ubiise Jrdess Borda Count: ,\1 - 21, D=0
4 A3)A2>A1 A2=16.
6 A3>A1FA2 A3'20
9 Ay > Ay > Ay Adj Borda Count: Ay =4, zeta = 1.0
Az - -5,
Answerz: Borda Count: A3 = 2
Al-ls,A2=13,A3-20
Borda = Adj Borda: Al > A3 > A, 5X Cons: Yes
Adj Borda Count: -
- - - Pref: Ay > Ay > A 1% Cons: Yes
Al 4, A2 6, A3 2 3 1 2
Concordance
*Sublists Borda/Pref
Mean: 6 4
Suia Sq: 1.5 6
Coeff W: 0.088 0.75
5% Conc: No No
1% Conc: No No
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TABLE 4. (CONTINUED)

Case 10 Ref: Black ¢2) p. 65 Aggregation Ciders Consistency
Qty Sublist Orders Borda Couat: A~ 225, D=2
Bty \y 25
25 A1>A3-A4>A2 A3=201,
45 A& > Az > A3 > A, A = 190.5
60 e B R Adj Borda Count: &) = 26, A, = 45, zeta=0
By = <24, A, = =45
Answers: Borda Counct:
At 195, A= 177, Borda = Adj Borda: A, > A, > A, > A, 5% Cons: No

A3 = 166, A= 172

Adj Borda Count:

A =2, Ay =45,

Ay = =26, A, = =45

1 3

Pref: A, = Az > A3 -4, 1Z Cons: YNo
Concordance
*Sublists Berda/Pref
¥ean: 5 5
Sum Sq: ! 20 17
Coeff W: 1.0 0.944
5% Conc: Yes Ny
1% Conc: Yes No
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TABLE 4. (CONTINUED)

Case 11 Ref: Black (2) p. 158

Aggregation Orders

Consistency

Qty Sublist Orders
1 A>B>C
6 C>B>A
7 A>C>8B
7 B>C>A

Answers: Borda Count:

A=16,B=21,C=26

Borda Count:

Borda = Adj Borda:

A= 16, D=0

C =26

C>B>A zeta=1

Pref: C>B>A 5% Cons: Yes
1% Cons: Yes
Concordance
*Sublists Borda/Pref
Mean: 8 4
Sum Sq: 0 8
Coeff W: 9 1.0
5% Conc: No Yes
1% Conc: No Yes
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TABLE 4. (CONTINUED)

Case 12 Ref:-

Pattandik {27) p. 170

Aggregation Orders

Consistency

Qty Sublist Orders

1 A>T >E>C

i cC>D>4>B

1 B>D>C>A
Answer: Choice: D

Borda: D >A =B =C(C
Pref: D>A=B=C

Fuzzy: D>A =B =C

Concordance
Sublists
Mean: 7.5
Sum Sq: 3
Coeff W: 0.067
5% Conc: No
1Z Conc: No
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TABLE 4. (CONTINUED)

Case 13 Ref: Pattanaik (27) p. 159 Aggregation Orders Consistensy
Qty Sublist Orders
1 A=C>B=D Borda: A= B=C=D D=2
1 B>A>D>C Pref: A=B=(C=)D zeta = ()
1 D>C>B>A Fuzzy: A= B=C=D 5% Cons: Nc
12 Cons: No
Angwer: ¢
Concordance
Sublists
Mean: 7.5
Sum Sq: 0
Coeff W: 0
5% Come: No
1% Come: ¥o
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TABLE 4. (CONTINUED)
i
Case 14 Ref: Black (15) p. 14 Aggregation Orders Consistency
Qey Sublist Orders Adj Sorda Count: A =2, 3= -8 D=0
3 B>C>A C =6
3 C>A>8B Borda = Adj Borda: C > A>3 zeta = 1
4 A>C>B Pref: C>A>38 52 Cons: Yes
Answer: Adj Borda Couat: Fuzzy: C>A>8B 1X Cons: Yes
A=x2,B=-8, C=6
Concordance
Sublists
Mean: 2.0
Su= Sg: 26
Coeff w: 0.13
52 Conc: No
12 Cone: No
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TABLE 4. (CONTINUED)

Case 15 Ref: Black (15) p. 14 Aggregatior Orders Coasistency
ty Sublist Orders
ats Adj Borda Count: A= -4 T =2 b I K1
3 B>C>A
> C=6
3 C>B8B >4
> Sorda = Ad§ Bo.da: C >3 > A zeta = 1
& A>C>8§ . -
Pref: C>B>A 3% Cons: Yes
Answer: Adj Borda Count: Fuzzy: C>A>3
A=~4, 3=-2 C=6
Toncc réance
Scbhlists
ean: i
Sum $g: 1%
Coeff U: .07
5% Cone: Neo
12 Conc: o
59
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4. (CoxCLuDEID®
Case 16 Ref: Richeison (30} p. 42 Aggregation Orders Consistency
Qty Sublist Orders
Sorda = Ad3 Borca: x =y > 2 D=0
2 xX>z>v¥
rel: a>F >z zeta = 1
2 X>¥>a
Tazzy: X>¥ >z % Cons: Yes
3 F>2>x
17 Coas: Yes
Ansver: Eorda: x>y
Concordance
Sublists 2orda, Pref
Mean: 14 &
i o &.5

h)
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TASLE 5 MNDTL VALIDATION WITH LITERATIRE Il
Borda, Condorcer. a4 2lsek
Case 1 Ref: Fishourn (17) p. 34 Aggregation Orders Coasistency
{57 Surlist {rders
Zorda: F>x>4A>3=¢ J=9
i x>y>a>8>C
Condorcet: = zeta * 1
x ¥y>a>(-3>x
Pref: x>y>2>5>¢C 5% Cons: Yas
3 C x>y>A>38
Fuzzy: x>y>L>A>38 1% Cons: Yes
i x>3>r-,C>aA
1
z F>B3>A>x>1C
3 Concordanca .
-y
ruswers: 3orda: ¥ Sublists ~-
Cordercet: x Mean: 15
Su= Sq: 62
Coeff 4: 0.248
5% Cenc: o
iX Comc: Xo
| - -
- 61
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TABLE 5. (CONTINUED)

Borda, Condorcer, aad 3lack

Zase 2 Ref: Richelson (31) p. 173 Aggregation COrders woasistency
Q¥ Sublist Orders Berda = Black: A>x=y =z ve2
1 x>y2>2>A>3>C>D >B=C=0D
1 y>z>x>A>C>D>3B Condorces: $
1 A>D>B>C>2>x>y Prei: xX=y=z>A>38 zeta = 0.857
=C=D
Anguers: Borda = Black: A Fuzzy: XxX=y=Tz>A>2R 5% Cons:  Yes
Condorcet: ¢ -C=D
fovi. Scores: x ey =z =11, Borda Scores: x =~y = z = i, 1Z Cons: Yes
sranL, E=C Ae12, E=¢
D=6 abes
Coacordance
Sublists 2 Bcrda/Fref
! deyn, 2L ¢
Sux Sq: 48 86
Coeff W: 0.190 0.875
! 5% Come: Yo o
12 Conc: Yo X0
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f =
= B “"x
A=t {CONTINTES)
Borde Joacrcet and Black
Case 3 Ref: Fishburn (17) p. 540 ; Aggragation Orders Consistenty
Qty Sublist Orders
Borda: A=B8>¢C D=0
1 A>C>B )
Condor~2t. 3 zeta = 1
2 B>A>C

Pref: B>A>¢ 5% Cons: Yes

Fuzzy: B>A>¢C il Cons: Yes
i Apsver: *da: A=B
H
i Congo-cet: B Concordance

Sublists tordalzref
i ~ Meun: ! 6 s
, '
i

i . ;
' Coetf .3 : o.227 :
! : i

ST Come: H

3 12 Co=c: = = ~ o R
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L TABLF 5 (CONTINUED) ‘
Bord. , Condorcet, and Black
Case 5 Ref: Richelsy (31) p. 174 Agnregation Oréers Consictency )
Qey Sublist Jrders Torda = Black: x >y > &) = A, D=3
1 y > >A1>.A2>A3>‘A“ >A3 A,
1 ¥y > x> AB A& > "‘2 > ‘\1 Condorcet: + (strong)
1 Ay > Ay > Ay > X5 X5 A, Pref: XRFy A=A zeta = 0.625
1 K> Ay > A > Ay A > Y > A3 YA,
Fuzzy: y > A= A2 - A3 5% Cons: No
Answers:  Borda = Black: x
L A&
Condorcet: ¢ (strong)
B>rda Scores: x = 14, y = 12, 12 Cons: No
Borda Scores:
x-lk,y-12.A1-A2-ll, Ala..\z-ll,
A, =9, A, =3
{ A3 =9, Al. =3 3 _(
Cencordance
Sublisis
Mean 14
Suz Sq: 72
Coeff W: 0.257
57. Cone: No
1% Cone: Yo
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TABLE 5. (CONTINUED)

Case 6 Ref: Richelson (31) p. 174 Aggregation Orders Consistency
Qty Sublist Orders Borda: x>y > Al > A2 Ay > A D=0
1 y>xr>a3 > A > A > A Cendorcet: y (strong) zeta = 1
1 A> Ay > Ay >y >x >4, Pref: Y2 x> A A > A > A, 5% Cons: Yes
1 x > AZ > Al N A3 > A& >y Fuzzy: y> x> Al - A2 = A3 > A6 1% Cons: Yes
1 y>x> Al > AZ > A3 > AA
Concordance
1 x>y > A > Ay >34, [Sublisr.s
Answers: Condorcet: y (strong} Mean 17.5
Sum Sq: 153.5
Coeff W: 0.351
5% Conc: No
1% Conc: No
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TABLE 5. (CONTINUED)

o

Case 7 Ref: Fishburn (17) p. 540 Aggregation Orders Consistency
Qty Sublist Orders
Borda: A=B8>C D=0
1 A>C>B Pref: B>A>C zeta = 1
2 B>A>cC Condorcet: B 5% Cons: Yes
Answers: Borda: A - B Puzzy: B>A>C 1% Cons: Yes
Condorcet: B
Concordance
Sublists Borda/Pref
Mean: 6 4
Sum £q: 6 6,5
Coeff W: 0.33 0.929
5% Conc: No No
1% Cone: No No
67
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TABLE 5. (CONTINUED)

Case 8 Ref: Black (15) p. 14

Aggregation Crders

Consistency

Qty Sublist Orders
3 B>A>C
3 C>A>B
4 A>B>C

Answers: Adj Borda Count:
A=8, B=0,C=-8

Condorcet: A

Adj Borda Count:

A=~8, B=~0,C= -8 D=0

Borda = Adj Borda: A > B > C zeta = 1
Pref: A>B>C 5Z Cons: Yes
Condorcet: A
Fuzzy: A>B=¢C 1% Cons: Yes
Concordance
Sublists

Mean: 20

Sum Sq: 32

Coeff W: 0.16

5% Conc: No

1% Conc: No
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TABLE 5. (CONTINUED)

Case 9 Ref: Richelson (28) p. 335 | Aggregation Orders Consistency
! Qty ** Sublist Orders Borda = Adj Borda: B > x> C > A D=0
49 C>B>A>x Condorcet: x zeta = 1
50 x>B>A>C Black: x
Answer: Black: x Pref: x>B>a>¢C 5% Cons: Yes
Borda: B Fuzzy: x>B=C>A 1% Cons: fes
Condorcet: x Concordance
Sublists
Mean: 242.5
Sum Sq: 4745
Coeff W: 0.101
SZ Conc: Yes
12 Comc: Yes

** Ljiterature Problem Quantities of 50 and 51 respectively were reduced
one each, without loss of generalization, tc permit model compuiation.
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TABLE 5. (CONCLUDED)

Case 10 Ref: Richelson (28) p. 335 Aggregation Orders Consistency
&y Sublist Orders Borda = Adj Borda: A =3B =C =X D=2
1 B>x>C>A Pref: A=B=C=X zeta = 0
1 B>A>C>x Fuzzy: A=38=C=X 5% Cons: No
1 C>x>B>A Condorcet: ¢ 17 Cons: Ko
1 x>B>A>C Black : Borda
2 A>C>x>B Concordance
Answers:  Borda = Black; Sublists
A=B=C=x
Mean: 15
Sum Sq: 0
Coeff W: 0
5% Conc: No
1Z Conc: Yo
70
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TABLE 4.

MODEL VALIDATION WI™H LITERATURE I1II

Borda, Condorcet, Black, and Copeland

Case 1 Ref: Fishburn {17) p. 54 j‘ Aggregation Orders Consistency
Qty Sublist Orders ! | Borda = Adj Borde: x> T=y>2>% D=35
R N
1 y>z2>%>T>x g, Condorcet: ¥ zeta = 0.3 g
1 T>W>z>y>x EgPref: x>y >T>z>% 5% Coas:
2 y>x>z>W>T F.:zzy y>x=T=2>% 1Y Coms: No !
2 x>T>W>z>y Copeland: xX>5>T>z>W
Answers: Borda = Adj Borda: = i Concorda: ce
Condorcet: y :, Borda/ Zorda/
H Sublists Prel Tuzzy
Copeland: = [} Mean: 18 6.1 6.0
! Sua Sq: 16 38.5 27.5
! Toeff W D.044 G.987 0.786
ji 5% Cone: Yo Ye: No
j 1% fonc: Yo Ne Ko
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(CONTINTED)

Case 2 Fef: Richelses (28) p. 335 Aggregatics OTZers Cemsistency
LYige Do, -
@7 Sublise Orders Bersy: y> x> A>3=C Tec
1 X>y>4>322>¢C 3lack = Ceadoree: X zez = )
i y>A>C>3>x tef- x> v A>3>C $2 Cons: Yes
1 X>y>2>2> 3% Forey: x>y C>A*3 12 Coms: Tes
1 €>x>7>A258 Copelesd: x>F>A>32>¢C
1 y*3>a>x>c Copelend Scoves: A= 0, 2= -2,
c- 4. x*%, 73
Assvers: 2lack = Copelsnd: x
Copeland Scores:
A=0, 303, C=~, £{~4&,
ye2
)
Zomie-fance H
¥ 3oréa/
Schifsts ) Ad3 Sezds 3eriar?red
¥exn: 1% 6 € :
3= 852 €2 38 355
Coeff W: 248 i.0 2.738
T Coocs X2 Yes 5o
: 12 gomer | ) So ¥o




' b

0
O 1
R "
i (]
M“ n.n “\.. "
) . b3
X !
Al ow 3 8
i [] 3w
» 1Y oy
g3 moM
[+]
- ¢
! __,M" Zu m Y~.
e
M
W o
Y I
m n o ow " by] v
- "~ A .w .w.“ won o9 2 3
g A il I
o .“. » A .“. n.
m. .. m e
A » . A
- L. L4 A ']
._ " b » . 1o
G ol U
ﬁf” a__, be . » A
o e - .K " L M “ . m "
—fu .“ .m 1 M " M [} o
i .
.aw w4 n.“— 'u " " » " -x. Yoy -M% o
~ mlue]l « & * 73 v e~
) g g . f "o
: K 6 i Y S TS
) «? b .a 11}
: LB B RN
P .M" . I rw ..w $he
b 01 -
u Jl 1.
.
3 »
[
%_ .".
e .%
N
A WOOR
Hw. A » A m.
—~ a = a
™ A A A "
el m Ww om L 4 e
1 A A A b1
1] &U. o I
B € hommoou
i I A A A " v
ol ..J ", 0 b
Wi e <)y 8
.w A A A 1Y m
olél » o x| R
o
"
~”
AN -
Q & -l (L]
TS PE—————

» i




i

wly

Borda, Condorce:, Black, and Copeland

[ ———

t

o

Case 4 Ref: Richeison (30) p. 43 *' Aggresation Ordess Censistency
¢ Qey Sublist Orders Ssrda: Z>¥>x>%W D=2
i 1 xX>y>z>¥W . Condorcet: @ zeta = O
LI 1 T>z>W>x Pref: z=35>x=% 5% Cons: No .
i z>¥>x> ¥ Fuzzy: z=2y=x>% iZ Cons: ¥ !
- s

P e S B LA B+ R Wi B R O i

Ansvers: Borda = Copeland: z =y ! Copeland: z =y >4=¥

Concorédance

T, Tece Borda/
. Scblists Pref

Borda/
Copeland

Pref/
Fuzzy

Mean

1
~i
[

w
w

Su= Sg: 5 17
it Coeff w: 9.111 0.9545
52 Conme: Xo So

i’ 1X Conc: S Xo
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N Case 6 fef: Fishdura (17) 7. ~asTE¥gEIIzs IE Consistency
[}
Qty Subiis: Order -
2= el SZoTes: F=A=3:0, =3
2 X>A>3>€C>7 zeza = D.2
3 B3>C>y>a>x Fx>axz>i 53 Cozs: X2
4 FYX>A>C>3 1% Cons: %o
Answers: Adj Sorda: ¥
Comdorcez: @ Fref: z > a=3 <
Slack: T forry: T> R el >avx
Copelams: - Topel : X >Ae3ez>{
Lapelar, - =3
x:2, - ==t 2, g2=2

Meazn:
S=x 5q:

Coeff u:

Sorda/Pref

5% Ca=e: No Xo
31X Come: No No
7€

Wy v




TABLE 7.

MODEL VALIDATIOR WITH LITERATURE -IV

YL

it
el

"

Copeland
tase 1 Ref: Richelson (28) ». 235 Aggregation Orders Consistency
oty Sublist frders
Borda: X®y>z>4A Ded
1 zZ>y>x>4A
Prei: xX=y>z>4 zets = 1
1 A>y>x3z2
Fuzzy: X®yF>z=4A 5_:c.~r.s: Tes
2 X>y>z>A
Copeland: x=y>z>A 1Z Ce=s: Yes
Answer: Copeland: x =y
Concordance
Sublists
Hean, ic
Sus Sg: i8
Coeff @: 0,225
52 Conc: o
12X Come: %o
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A

x>y¥y>4&>3
1):)3)3

F>4>x>2

n

Pref: Amx=sy>3
T—wre 5.‘.}.>5
Fooer:

->‘
opa : Awxze3>3

d - ~eTS Cousistenty
- & ) <
e 333 -;ﬁ:
2 Bef: Eicipigom {..ir-,x. o Orier x- :
2z - - > 3 -
- Scria = _5 2ozda: A x 7 H

Sem 5z

Toff X2

13 Co=es
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TARLE 7. (CONTINUED)
Copeland
Case 3 PRef: Richelson (31) p. 174 Aggregacion Orders Consistency
Qty Sublist Orders

Borda: x>y > A, =A, = D= 3.5
2 y >x > Al > Az > A3 1 2 A3

Pref: x>y > Al - A2 - A3 zeta = 0.30
1 A3 > Az > Al >y > x

Fuzzy: y > x = Al = Az =y 5% Cons: No
1 x>A3>Az>.\.1>y

Coneland: x > y > Al = A2 = A3 1% Cons: No

Answer: Copeland: x
<oncordance
Sublists

Mean: 12

Sum Sq: 8

Coeff W: 0.05

5% Cone: No

1% Conc: No
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TABLE 7. (CONTINUED)
Copeland
Case 4 Ref: Richelson (31) p. 174 Aggreg. ~ion Orders Consistency

Qty Sublist Orders

Borda: x > y > Al > AZ > A3 D=0
3 Yy >x > Al > Az > A3 ,

Pref: y > x > Al > A2 > A3 zet: = 1
1 A3 > Az > Al >y>x

Fuzzy: y > x > Al = A2 = Ay 5% Cons: Yes
1 x > >A,>A >y

A3 2 1 > 1Z Coms: Yes

Answer: Copeland: vy

Copeland: y > x > A1 > A,

A

Concordance

Borda/ Pref/ Borda/

Sublists Pref Fuzzy Copeland
Mean: 15 6 6 6
Sum Sq: 34 28 34 38
Coeff W: 0.136 0.95 0.944 C.3
5% Conc: No Yes ¥o Yes
1Z Conc: No No No Yo
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TABLE 7. (CONTINUED)
Cepeland
Case 5 Ref: Richelson (31) p. 173 Aggregation Orders Consistency
ty Sublisz Orders
Borda: y>x >z=W=T D = 3.5

1 x>y>T>W>2

1 >y>z>W>T Pref: y>x>z=UW=T zeta = 0,30
1 y>w>z>T>X Fuzzy: x> y=z=W=T 5% Cons: No
1 T>z>W>x>y

Auswer:

Copeland: vy

Copeland: y >x > 2z =W =T

1% Coms: No

Concordance
Sublists Borda/ Borda/
Pref Cepeland

Mean: 12 6 6
Sum Sq: 8 32 32
Coeff W: 0.05 1.0 1.0
5% Conc: No No o

1% Cone: No Yo Yo
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TABLE 7. (CONCLUDED)

Copeland
Case 6 Ref: Richelson (28) p. 335 Aggregation Orders Consistency
Qey Sublist Orders
Berda = Adj Borda: x =y > A =38 D=0
1 xX>y>A>B
Pref: x=y>A=38 zeta = 1
1 x>v>B>A
Fuzzy: x =y > A =B 5% Cons: Yes
1 y>x>A>B
Copeland: x =y > A =B 12 Cons: Yes
1 y>x>B>A
Ansvers: Copeland: 3 =y ~oncordance
Sublists
Mean: 10
Sum Sq: 64
Coeff W: 0.80
52 Conc: Yes
12 Conc: Yes
82
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TABLE 8. MODEI VALIDATION WITH LITERATURE -V

Shannon Preference and Others

Case 1 Ref: Shannon (32) p. xviii

[}

[

m

[ SR ——-

Aggregation Orders Ceonsistency
Qty Sublist Orders Borda: A>B>C>E>D D=0
1 A>C>B>E>D Pref: A>B>C>E>D zeta = 1.0
1 B>A>C>E>D Fuzzy: A>B>Cs=sD=E 5% Cons: Yes
1 A>B>C>D>E 1% Cons: VYes
Answers: Borda: A>B>C>E>D
Pref: A>L>C>E>D
Concordance
Coeff W = 0.84
Borda/ Pref/
5% Conc. Yes Sublists Pref Fuzzy
Mean: 9 6 6
Sum Sq: 76 40 34
Coezf W3 0.844 1.0 0.944
52 Conc: Yes Yes No
1X Cone: Yes Yes No
a3
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TABLE 8.

{COXTINUED)

e . A= &)

L)

N

1

Shannon Preference and QOthers

Case 2 Ref: Shannon (32) p. xviii Aggregation Orders Consistency
Qty Sublist Orders Ad3 A=B>C>E>D>Fo> D= 0.50
Bozda:
1 A>C=E>B>D>G>F>I>H>J] G>I>7
1 B>C>A>D=E>H>F=J>G6>1 Prefix: B>A>C>E>D>F> zeta = 0,578
1 B>A>C>D=E=F>H>1I>G=] G>1I>3
Tozzy: B> A=C>E=D=Fup 32 Cons: VYes
Answers: Borda: A= B>C>E>D>F>H>6>1I>J =G=1I=x=3 1% Couns: Yes
Pref: B>A>C>E>D>F>H>G>I>J M|
Concordance
Coeff W = 0.90
Borda/ Pref/
x2 cal = 24.30 Sublists Pref Fuzzv
5% Conc: Yes Mezn: 16.5 1 13
Sum Sq: 629.5 328.5 264.5
. Coeff W: 0.862 0.036 0.064
- 23.3 17.9 15.1
5% Comnc: Yes Yes No
12 Conc: Yes No Ro

e v
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{CONTINUED)

Shannon Preference and Jthers

Case 3 Ref: Richeison (28) p. 33 Aggregation Orders Consistency
Qty Sublist Orders
Borda: x>3>A4>D>C D=0
1 A>x>D>8>¢ Pref: x>B>A4>D>C zzta = 1.0
1 D>x>A>B8>C Fuzzy: x>5>A=D=¢C 51 Cons: Yes
1 C>x>8>a4a>D Copeland: x >3 -~A>D>C 12 Cens: Yes
2 B>x>A>D>C Cuondorcet- x
Answe=: Condorcet: x Concordance
Pref: x Borda/ Pref/
ublists Pref Fuzz;
Mean: 15 6 6
Sum Sq: 70 40 34
Loeff Wi} 0.Z8 1.0 0.944
5% Cone: No Yes No
1Z Cone: Ne Yes No
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L TASLE 2. (CONTINCED)
-1
Shanncen Preferenze and Q:ihers i
Case Ref: Klahr (22) p. 384 AggTegaticn Crders Consistency
[:47 Sublist Orders
Borda = A2j Berds: A>B>C D=0
b3 A>B>C Pref: A>3>C zeta = 1
1 B>A>C Fuzzy: 4> 3> C s Cons: Yes
1 A>C>B 12 Cons: Yes
Answers: Majority: A>B>C
Concordance
Sublists
[ Mean 6
Su= Sg: 3
Cceff W: Q.544
52 Conce: Xo
12 Conc: Xo
36
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Shannsn Preference and COthess

(o 5 -7 2 =Yat -
Case 5 ZRef: =xlakr (22) p. 332 AggTegatisn Crlsrs Consistency
Qv Sudliisz Jrders
Borda = 223 Soriar A=3e=C J=1
i A>E>C Pref: L =3 =¢( zcta =G
1 C>A>3 Fuzzy: A= 3 = 52 Coms: XNo
3 3-C>a i¥ Cons: Mo
Answers: Malority: Iatransitive
Lemzordanc
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TABLE 8. (CONCLUDED)

Shannon Praferenc2 and Others
Case & Ref: 3Black (13) ». 269 Aggregaticon Orders Consistency
Qy Sublist Orders
Bordz = Adj Borda: A, > A, = 4, > A D=0
4 3 2 1
1 A, > A, > > . zeta = 1
4 2 A3 Al Pref: A, > A, > A3 > Al
5% Cons: Yes
1 A > Ay > A > A Fuzzy: A, > A, > A; > Ay
12 Cons: Yes
A S A
A
Concordance
Answers: Least Doainated: Borda/
A& > AZ > A3 > Al Sublists Pref
Mean: 12.5 5
Sun Sq: 33 18.5
Co=ff W: 0.264 0.974
52 Conc: No No
1Z Conz: No No
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MODEL VALIDATION WITH LITERATTIE

o
"
b

o~

el

Cagse 1 (Ties) Ref: Kendal (7) p. 97

~
Consiscency

D= Q.5

Sublist Orders

zeta = 0.9875

1>3>5>2=4>7>6=9>8>10

2>21=3>4=5>8=10>6>7>3

[
*

L]

2>1>3=4=526>T7T=8=3>]10

18]

Yes

Yes
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TABLE 9. (CONTINUED)

[W7 Spectal

Case 2 Ref: Kendall (7) p. )45 Aggregaticn Orders

Coasistency

Preference Matrix Pref: A= C>B=E=F>D

(Sace Pref Matrix)

Sum A B CDETF
4 Afj-11011
2 BjOo - 0110

zeta = 0.375

i D}j100-00
2 E{0 0 0 1 - 1 Concozdance (X/A)
2 FlJ]e 1010 -

Answers: D = 5, zeta = 0.375

Bp—y
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Fizmaliy, = Jl2ses 13, 13, and 1&, the computed re-— :
scits agree with the literazure examplics. It was ‘
concinded that the model adecuately regresents the
Sorda 2o adjnsted Borda mojority rank methods.

{
totals 2re sTdbtracted from e sow OIS in the for e cases of Tabie 5. for Porda, Condor- ‘
ad3icstes Scrdy aethod, ooz, ad Sliacy method sxansples, e Sordfa resalts ars

comooied, and the {onSorcet results are ohserved by
For Cases 2, 5 and T sRroogh 11, e asteristy scanning the Tows of the preference zmatrix for Zeros. |
£%} ar e schliist comcordances Tesuits Semctes that if 2 zern {orther tham o= the malm diagomal} exists, |
the exmrplies indicated oomitan repetiticoe of thex the 2¥ternative Soes DOt Rave a maiorily over
iists soch a¢ nine soiists of AL > 22 > A3 in Case all oty alternel.Tes, which is tbe Condorcet cri- f
| 3. Tor thess Tases, the repetition of ists was terics. The 3iack amswer is the Jondorcet winner if ‘
izpot a5 acitipiicative Secisico—maker iodce weictis oo exists. 1. 2 {ondoroet winoer does oot exist,
{iJ}. The Tk orders 2T thr Sy 30t e sshilist the B2iack winner is 3¢ Borda winner- A strong Con-
comcordense data ave based oo Simgle ooosrremses of dozTet winoer is om> that beats, nmot tizs. all other
each type of ssbiise {i.e., t2oee sS2llsts tested for Aitersatives. Tor Takle 9, compoted resclizs for all
Case 9}. Since the compcter xodel is iizized o ten cases agTee wits the literatsze exazpies. For
agsTresase 35D or fewer sSlists, Tase 15, with 132 Tases 2 a=nd 5, tw 3orsa couat valunes are 21s0 given :
s=iists oould onmiy be coagsoted Oy the isdor weights I ¢he IiteraloIv and are in agrlement with the oom—
Epproach. Poter axdsl reszits.
i
Case 13 presexts a= example whick is imcran- For the cases of Tabie €, e Topelans (16) i
sitive & 235 2o discretr soistion. Eote that Testils ave oitained as the Dreferencs order of the
the aodel :asdies intraesitivity as indifier - acdel wien 8, 1/2, 1 scoring comstants are vsesd for
'

f Mo «

M

M




the frequency matrices and -1, 0, 1 scoring con-~
stants are used for the preference matrix. The other
results are obtained as they were on Table 5. Cases
1, 2, 3, 5, and 6 of Table 6 have total correspond-
ence between literature and computer results from the
rank order aggregations. In Case 4, the Copeland
results match, but the Borda results do not match.

No explanation can be made unless the reference is in
error. Nevertheless, the model is validated fér the
Ccpeland method.

All six cases in Table 7 have Copeland results
from the literature and the model that fully agree.

Case 1 of Table 8 has full agreement between
the literature examples and the model results. 1In
Case 2, the rank orders agree but the sublist con-
cordance figures differ because of an error in the
sum of the ranks for the F alternative. Dr. Shannon,
author of Case 2, told of the error during a class
lecture. The majority order of Case 4 agrees with
the computed PREF. In Case 5, the intransitive

gt

LI

k%Y

K

majority agrees with the indifferent orders computed.
For Case 6, the last dominated rank order corresponds
to and agrees with the computed PREF orcer. The six
cases in Table 8 validate the Shannon preference
method in the model.

Table 9 presents special cases to validate
specific functions in the model. Case 1 is a Kendall
example to illustrate the ties correction calculation
of the coefficient of concordance when significant
ties (indifferences) are in the sublists. The liter-
ature example and the model computation of Case 1

agree completely.

Case 2 is a Kendall example to illustrate the
number of circular triads (D) and coefficient of con-
sistency (zeta) computations. The literature example
begins with the preference matrix and continues to
the completion of the consistency evaluation. The
literature example and the model computation of Case

2 agree.
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Case 3 is another Kendall example to illu- In svmmary, the literature cases and model
strate the calculation of the Kendall's coefficient results in the six tables represent a reascnable
of concordance, W. The literature example and the validation of the model.

model calculation of the mean, the square of the
deviations, and the coefficient of concordance all
agree.
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IV. SUMMARY AND RECOMMENDATIONS B. Research Accumplishments
A. Concluding Summary In reflection on the research reported in
) this report and Dobbins (4, 5) several findings and
A comprehensive, flexible model was devel- accemplishments are apparent to this author.
}  oped and coded on a large computer to accomplish the
sublist aggregation, weighting, hierarchial conver- This research demonstrated the practicality
sions, requirements translation, and results evalu- and limitations of several majority rule methods that
ations. The coded model has been verified. Vvali- can be used to aggregate ordinal rank orders.
dation has been successfully performed against 46 Although extensive theoretical research has strived
examples from the literature. The model then was and generally failed to £ind aggregation methods that
demonstrated for an extensive R & D projects priori- always give transitive ré?lts, for the realistic rank
tization study (Dobbins 4). order problems examined, intransitivity was not an
impediment.
Puzzy set rank order methodology was briefly
explored and added to the model for an alternative This research demonstrated the power and
| final zggregation rank ordering. The methodology limitations of a large computer capability. Impres-
erployed was too insensitive for many of the cases sive problems, beyond the reasonable consideration
corputed. The fuzzy set method would rank many of hand calculation, can be accurately and quickly
alternatives as indifferent when the other three computed when iterative solutions are not involved.
methods developed preference orders between the same But the state of knowledge and equipment limits the
alternatives.

35
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extent of usefulness of majority rule methods to not matrices one section at a time until all sections are
over a few hundred judges and alternatives. computed.
Specifically, this work has shown that diverse The present model, to minimize data storage
and complex R & D management priority lists can be requirements, does not hold input sublist data as the
{ aggregated into a useful single rank ordered list. computations progress through the arrays. This space
saving requires that all data be re-input for each
C. Recommendations for Future Investigations problem even if only a single control value changed.
Again, extended space capacity could remedy this
Several areas exist for further research input data repetition requirement. Further research
work to improve the modeling and computer coding for might find other remedies.
the aggregation of rank orders.
The COMPARE subroutine used Kendall's concord-
The dimensions of the computer code arrays are ance tests to evaluate pairs of final aggregated rank
limited by the computer capacity. With no signifi- orders. Kendall's concordance method 1is necessary
cant changes in the model, the present 100 x 100 where more than two rank orders are evaluated. But
dimension limit could be enlarged to 125 x 125 or there are other methods, such as the Kendall's Tav
perhaps 140 x 140, but little further. The bene- method, where there are only two rank orders, that
ficial solution would be a computer code that was not could be considered. An investigation could deter-
dimensica limited. The approach might be to develop mine if the Kendall's concordance test shculd be re-
a computer code that will progress through very large placed for these final comparative tests.
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PHECEDING PAGE
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[

The functional flow diagram for the aggregation computer model is
presented in Figure A-l. The P fterm repeated in the fiow means "print"
the information about that step in the process.
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CALL
G ]

,

READ
TRANSLATION: "fDEX

~

READ RUN CONTROL
CARDS

INPUTS

RETURN FROM

NO

L

LAST
suUs-LisT

[ JCONN S TO 12 J

W]  EAD ALTERNATIVES
1 0! CARDS
. t
*J reaDsvoces
1D CARDS

__ 1

SUB-LISTS
RANKS

STORE
SUB-LISTS

1

APPLY
SELF EVAL
THRESHCLD

L}

CONVERT
SE RATINGS
TOO-15CALE

3 COnY

READ
SELF EVAL
RATENGS

Figure A-1l.

»
P
13 SUB-LIST
ALTERMATIVES FORM SUB-LIST
PROJECTS OR MATRICES
\amum:e:uts ?
\ _
REQUIREEMENT
€ STORE SUBLISTS
* [
THANSLATE
REQUSREMENTS ELEMINATE
SUB.LISY TO DUPLICATE
PROJECTS SUS-LIST PROJECTS iN
EACH SUB-LIST

Model functional flow diagram.
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"
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Ty
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FORM SUMMED ol
FREQUENCY MATRIX
A
A 4
CALC v ?
A AND
CALL RETURN FROM :33' :onm
FORM SELF EVAL WEIGHT WEIGHT COUNTS
O ———
= sue-LisT maTRICES r r
\ 4
RANK ORDER
MULTIPLY rormweiGHTED | w® P
A N
» SUB-LIST SUB-LIST / aﬁnec:‘m::' AVNEDS ol
::IMCES MATRICES ADJ BORDA
METHODS
A
 §
APPLY SELECTED
WEIGHT TECHNIQUE
{(TYPES 1 0 8)

Figure A-1l. (Continued).
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Wi

FORM /

| PEFERENCE

MATRIX

CALL
MATRIX
ROW SUMS

Y

RANK ORODER
ALTERNATIVES
B8Y PEFERENCE
MATRIX ROW SUMS

P

pad

/

Y

CALCNR OF CIRCULAR _11EsT
TRIADS, D, AND COEFF. ZEYA
OF CONSISTENCY, ZETA
CALC BRACKETING AND
AVJ NR OF CIRCULAR (RIADS, D, ] TEST
AND COEFFICIENTS OF 2ETA
CONSISTENCY, ZETA

N

P

Figure A-1. (Continued).
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TEST YES

FINAL RANKS ?

CALL RETURN FROM
—— CONCORDANCE
1 3
]
FORM SUB-LIST TEST COEFFICIENT
RANK ORDER ARRAY OF CONCORDANCES
j
1
\ CALC SUM OF CALC COEFFICIENT
TIES FACTOR OF CONCORDANCE
A
4 |
\ CALC MEAN OF RANK SUMS
AND SUM OF SOUARES OF
DEVIATIONS

Figure A-1l,
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(Continued) .

CALL
Fuzzy

7

CELLS 8Y NR JUDGES)

CALC NORMALIZED FREQ
MATRIX R (DIVIOE SUM FREQ

FINAL RANKS?

RETURN
FROM
FUzZY

RANK ORDER /
ALTVERNATIVES

BY FU2ZY
SCORES
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i ot

'y

Iy
»

A

B, Y




L
”')“'{“ Iye

LY

™ RANK ORDER
SETS TO TEST

SELECT FINAL

LAST SET
OF FINAL
ORDERS 2

A
P i /P
\ 3332': TR;L.!;ANK TEST COEFFICIENT
OF CONCORDANCE
f §
?, Y .
. ’}'
] CALC SUM OF TIES CALC COEFFICIENT
FACTOR OF CONCORDANCE
¥
3
P
CALC MEAN OF RANK SUMS /
AND SUM OF SQUARES OF
DEVIATIONS

Figure A-1l. (Concluded).
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APPENDIX B
INPUT INSTRUCTIONS




Input instructions for leading the controls and data into the
model are presented in Table B-l.
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Card Type 1l:

Card Type 2:

TABLE B-1.
Iuput Requirements
Header -~ Name of priority group
Col 01-80
Control card
Col 05~05 = NWT = Weight type (1-8)

(see SECTION II for
descriptions)

Col 10-10 = NCOMP = Complete all matrices if
nonzero

Col 15-15 = NPTYP1 = Type of calculation for
frequency matrix

0=0, .5, 1

1=-1,0,1

Col 20-20 = NPTYP2 = Type of calculation for
preference matrix

0=0, .5, 1
1=-1,0,1
Col 25-25 = MATR = Self evaluation key

0 = No self evaluation

TECHNOLOGY PLANNING PRIORITIES

1 = Self evaluation, complete matrix

2 = Self evaluation, threshhold, reduced
matrix

Col 26-30 = THLD = Percentage level under which
elements are discarded

Col 35-35 = NPRINT ~ PRINT control

0 = Print all

1 = No princ of sublist frequency matrices
2 = No print of sublist frequency matrices

or weighted sublist frequency matrices
3 = Same as NPRINT = 1 plus no prant Fuzzy
4 = Same as NPRINT = 2 plus no print Fuzzy
5=

Print only input and output
6 = No print Fuzzy

Card Type 3: Input Type

Col 5 = JELE = Element code

0 = End

108
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TABLE B-1.
H 1 = Requirements
2 = Projects
r Col 10-20 = NELE = Element type name
Card Type 4: 1 - NBR NBR = Number of require-~

ments

Col 03-05 = K = Element number ~ Number hetween
1 - NBR

Col 11-30 = NAM = Element name

Col 31-40 = WHI = Row weight
Col 41-50 = KAT = Category
Terminate element cards with "END" in Col 11-13

Element number and name are required. If the
weight or category factors ave blank, they are
assumed to be O,

If a weight type is assigned in Card Type 2, a
weight factor must appear on the project card.
If the projects are not weighted, but the judges
are, then use a one (1) on each card.

{Contimed)

2N,

Categories are used only in the cases where one or more

of the evaluators uses a judge cunversion factor of 9,

10, =1, or 12, 1In which case the CATEGORY (KAT) groups

certain projects or requirements together.

If the pro-

jects within a category are ranked, they must appear in

their ranked order.

Element Number
Element Name
Element Weight

Element Category

1 1 2 2 2 3

The foregoing example implies that 1>2, 3>4>5, 6>7,

The final order of the requirements would depend upon the

ranked or unranked state of the categories. If, however, the

requirements are specified unranked, then the foregoing example

would imply

1=2,3=b=5, 6=7

and again the final order of’

199
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TABLE B-1.

the ranked or unranked condition of the categories.

Sublist Data Card Sets

Card Type 5: Card 1

Col 01-10 = Judge = Name of judges or office
making rank

Col 14-15

JCONV = 15 Type of project con-
version (see Appendix B
for descriptions)

Col 16-20 = WIJ = Weight factor of judge

Col 21-25 = ISEM = 100 percent weight factor
for self evaluation

Judge Name - Name of evaluator must be present. If
the JCONV or WJT left blank, they are assumed to
be zero.

If the JCONV is specified, the program looks for
specific data in Card 2 - Free format sublists.

JCONY Input Requirement
1 Normal input
2 Reduced sublist
3 Input reduced sublist. Program

will complete it at end with

110

{Continued)

4

5

6

7 Input-3
Card A
Card B
Card C

equal elements all less than the last
given element.

Input reduced sublist. Program wiil
complete SL at the beginning with
equal elements all greater than the
first given element.

Input rating values in real numbers
given in the order of project, e.g.,

A B C

1, 2, 3, etc. Program will arrange
projects in order of highest to lowest,
setting equivalent elements equal.

Input Julian date of projects in order
of projects. Program will arrange
projects in oxrder of soonest to latest,
setting equivalent elements equal.

Freeform sublists
Key element

Secondary array to be inserted into
primary array after key element.

Primary array - Program inserts secon-
dary array in primary array checking
for duplication of each element.

J




9-12

10

11

Input~3
Card A

Card B

Card C

TABLE B-1l. {Concluded)

Freeform sublists
Key element

Secondary array to be inserted
into primary array before key
element.

Primary array - Program inserts
secondary array in primary array
checking for duplication of each
element.

Categories must be . jecified in
project cards.

Input ranked categories - Cate-
gories must not be equal. Pro-~
graw checks for ranking, then
groups ranked requirements

by category.

Input unranked categories -~
Categories must be equal. Pro-
gram checks for ranking, then
groups ranked requirements by
category.

Input ranked categories -
Categories must not be equal.
Program checks for ranking, then
groups unranked requirements by
category.

12 Input unranked categories - Categories
must be equal. Program checks for
ranking, then groups unranked require-
ments by category. (If categories
are improperly input, an error
message is written and the sublist is
aropped from calculations.)

C. If wedght type factor appears on Card Type 2, a weight
factor must appear on the evaluator card. If projects
are weighted, but not the judges, then use a one (1) on
each card.

Card Type 6: Card 2 - Free format sublist ranks by project
number. Sequence indicates preference, prefix with
with minus to inlicate equal. Terminate list with
an asterisk (*). Follow special rules for specific
JCONV outlined above.

Card Type 7: Self evaluation of expertise in the technical field
of each input element. These ratings must be
between zero and ISEM in the element index order.

Use Card Type 7 only when MATR = 1 or 2 (Col 25
Card Type 2). This is a free format list of integers
terminated with an asterisk (¥).

111




v

WO e e
i
[
T

» "

IIMED

s
H

ar
0¥

PRECEDING PAGE B

113
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CODE LISTING
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The FORTRAN IV code listing for the model
computer code is presented in Table C-1.

Between each subiroutine of the code are refer-
ence information about the code to aid in tracing
through the logic. Of special benefit is the list of
variables and the locations where they will be found
in the ccde.

»

PRECEDIIG PAGE BLANK-%OT FIIMED

The key variables are defined in the comments
of the subroutines where they are first used. INPUT
contains most of the variable definitions.

The INPUT subroutine also contains comments
which specify the formats of the input card types.
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TABLE C-1l.
PLOLEIN DOAIINS 1877« 0PI TRACE (SR TIN 1Y [ TVLIY]
13 +R0CRAN DOOHHS(In‘ul.cufrul'-Yl&(iln‘ﬂuhl l!“blﬁu!’bf.!l'(ﬁ we,
- < - 188
H TECHMAL OCY PLANKING PRIOQITIES 12
B Lide]
) S < JO3 1893 0 DOBBIMNT / . JONIS wey
< Lisd)
s 1iad}
—_— e CO‘Q"CN 7COATAL MB® (N4 tmTy- MARE Ry ISR 18 SRV 100) JHICIN NN (vt TPy
s INASEEL320,NSTZEC2I18, JSURL (230 48210 TPey
18 CO"‘!C'&I"(L’I*V.!“DHI JCAT 3000 o hAN €20, JERECRIZO0), ITT  INAR, JRAY 90y
COMRCA/RANK/LISTC 028,23, LIST (1000 LA (Y 189y
coucvmon(w(nn.ncvco-wnn NPTOP2 uF Gl WPPINT JTIE M idd]
Conncws I'IH!."‘L .SEW’.-.!- SREILTe322 TFES
——— H .= - kiad}
15 OINENSION SUM{280), ADJR(139) oy
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TABLE C~2. ‘Zoncluded)

CONTINJE 205 193
IFU A(J2Y.NELPERIOCDY GO 10 370 205 101
X10 = 1.0 208 102
10 = 0.1 209 103
GO0 TO 3560 205 104
VALUE = VALUE*X10 ¢ XV(J)eDIND 05 10%
JFC D10eLTel1e0 ) D10 205 106
CONTINUE 205 107
705 108

FVALUE(JJ) = SIGN(VELUE«ASIGN) 70% 109
NY = Od 205 1190
TONTINJE 205 111
209 112

CONTIVUE 205 113
1FC NV JNE. 0 ) GO TO 998 205 114
WRITELJOUT4902? 205 115
FORMAT(s YCUI! OIT NCT ENTER «EYJORD 0R NJ4ERIC VALUES = TRY AGAIN®)Z05 116
G0 10 10 205 117
IFC NCHANGE  NE. O ) RETURW Z05 118
Z05 119

RETURA 205 120
ENTRY PRINT ON 208 121
LIST = +TRUE. 205 122
RETURY 205 123
ENTRY PRINT OF 205 128
L'SY = +rALSE. 208 125
. RN 205 126
EyTRY OPTION 205 127
READ 3954 WORD 205 128
ENTRT O°TIGNS 205 129
NOPT = 1 285 150
GO T0 1v 205 131
CHANGE INPUY FILE NAME oo EX CALL PRAMING SLTAPES ) 205 132
ENTRY PRAMIN 205 133
FILZIN = FVALUE(L) 205 134
RETURN 205 135
CHANGE QUTPUT FILE NAML 205 136
ENTRY PRAMOUTY Z05 137
FILZOUT = FVALUE(D) 205 138
Ex0 205 1317
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TABLE C-3. TRANSLATION INDEX ARRANGEMENT SPEC1AL PROGRAM
BROGAAN wMAIN Taz1s 0PTa} FIN 4,he830 06721798 10,13,87 SARE 1
———ee > ———
NIMENSTON ARRAY([I00,42}
c T E— VoIV TST ¥y IV R - s T T e
QEAD (5.1000) ARRAY{{s1:,s ADRAY{]42}
TSt 8 o RN P ORMAT Ay e = e e
IF (EOF(5).8E.0.1 GO TO 20
to-contiage - - - -—- i ———
28 1xs=l=y
T SALTSORTERT ARRAY IO IRE=R T T 0.1T - - —_— = -
1) CALL SORTLAU AQRAY¢30DelXe2eate]el00l)
e e e R P PR (AR VeI e R Y e sy — - Rt
2000 FORVAT (2A10)
— Ho-15—twtvetse - -
WRITE (#4200, 1o ARRAY(Iel)e ARRAY(I,2}
Ty — oo - At ON T INUE - T e e e - S e
200] FORNAT (1Xe15¢2Xe81007%eA10)
—_— S = MRETE A POOP)— = ST e e
2902 FOQMAT (2X.™[X¥s¥,18)
L A —
SYNROTIL RCY O NLY Rl ——
SENTRY POIMYE- - — - - - e e - e e
6140 MAIW
VARTARYLFC SN TYPE RELOCATION
3T bl "y had fndadat 8 Y yrr T INILOT W - -
6323 Ix INTFGER 6328 INTEGER
FILE MAMFS “n0E
Il ol &t Pbs -~ Ot TAyT O —YaPES— — - FuT 2083 -TAREZS
41946 TapE9 Fuv
EYTERNALS TYPE  ARGS
- ——ror - L O A = . - T e e
BSTRTCNINT LY Tomm e e - - v m—— TAmmIT T T mem—————
[ L 6178 20
wews amnanr THT - nery SOOI Lt g w3y o2noT hdatl
6312 2002 Fur
LOOPS  LAREL INDEX FROM=TO LENGTH PQRERTIES
TTUTRYAZ 1o e YT LR 4 EXTREFY XIS - - - = o
A210 *1 11 11 148 EXY REFS NOT INNER
wers A Tmn 18 34 TXT-REPS — T T =
K226 15 LR 13 15 1168 £XT REFS
STYATISTICS
ROGR LTEROTN TI0S TR s - T T e e TR s T omeme s
BUFFER LENGTH 61513 nrr
180

L2

e il

*
©




TABLE C-4.

So*IDITIND SORTL Kby “RD, ¥y Vo 2{T4ds NSCw NCHy ASET )
JESCIIATION
THIS RCJTINE #ILL TAKE & Tu0 DIMENSIONIL AREAY CONTAINING
NJIMIAIC O ALOHANYYIRLS J2TE &Y) ST 1T ALCORDING 10 SOmL
JESIRED SEQUENET. TeD VARIOUS TOMAINATIONS AVAILAILE ARE
CALL SORTAA(AA¢"RD000d) SORT NUNERICAL ASCENDING
CALL SORINUNAGMRDy 00} SOT KUMTIICAL DISCENDING
T4E NUMCRICAL SORT CONSIDERS TME SIGN AND ®aGNITUDE OF 4
SINGLY 50 AIT WORD.
SALL SOATLAENMALMRY, L4} SOST OCICHAL ASCENDING
CALL SORTLI(NAG YRSy 1) SCT LIGICAL OESCENOING
THE LOSICAL SORT IS USID FOR ALOWAANJIMERIC DATA AND THE
SEIVENCF WILL 2F A4S SHOvA I& IMT REWARAS PARAGRAPH, TMIS
€01 CONSIIERS INDIVIOAL CHFRACIERS AND %AY CXTEND OVIR

MORT THAN ONF wRDe
1vPut
1 Vi AIRAY 10 3L SORTED, OSIMENSION AS MA(IDWLCOL)
T mRT R0w 2I¥ OF NA IN CALLING PROGFAN,
30N \Ju9ER OF 3L¥S TO RL SQR1ED.
o N WIMBER OF COLJWNS TD 3E SIRTLD, (N oLE. LIOL)

ALL wORDS OF N&(Teud %0R U «ite N wlLL NOT 3
RLPOSITIONED DURING A SI2T,

5 <IYe CIL O ROJ SJIISZRIPT OF SLGINXING 2 ORD OF THE
FIELD 7O 3f SOatsh.
= FUR SORT OV & COLUYY NATIGKEYY) 1T1420csesk
e FOR SORT OV & 0V NAINETaad) JT1e200a0eN
LISICAL SORTS oMLY
3 ASC STATING CAAR ¢ -10) IV XCYWe CAAR ARE LEFT Y2 RiSn!
T WH NUMBER OF CONSITTIVE THIRACTERS 10 PE SORTED.
A NSED =¢ FOR BIVARY S2RTY
st FOR ASCIt §D.1
JUTPULT
TRV INPUT SRRAY SIRYED AS DESIRED.
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TABLE C-4. (Continued)
SUPRQIT ™AL SORTL %3. #0024 Yo %e TV¥eu "3%e M=o WIS -3 1 Ae 1P EREY 3 200 4 72 2. %2
5082 6! TFU Lefv ) . 200 55 83
UIMENSIIY 2eva W) <95 3 T3 50 S=2 ) 1784 170, 108 AL 1)
LOGICAL  LRiVe LLOGe <te o 535 . ]
COMMIY ZXS3-T9/7 LL03e HSe 44 Y3 Sue 132 €S 5 e S O L ) A Y A3 £39% %
OATA NAR/O/ %35 L3 166 Ny 65 D 3lc s 9
ENTRY €)91Nz €23 7 P50 KDVOARTT VA(aIV e NS LT YV IN) )} V3ne 180¢ 187 $C9 98
LREY T LFALSE. €25 8 1235 1FC XO%PAREL NS0, a<TY24NALY]V4CEY) ) 1064, 140y 15? ere %o
LLdG = JFALSC. 335 3 : T#o o FALSE 53% 2
a7 2 % BT ] 136 1FC L3V 1 160 4 11C S0y &l
S0 10 % $°5 11 1S 190 LIV Y 113 4 140 $6% 62
ENTRY  SORTWD 855 12 10 150 %13 = 27 ) 1286 130s 132 $2% &3
LRIV = LT90L, 05 13 120 LA = w2 L LSRN Y
LLO% = JFaLSE. S8 18 5C 'S 1t §3% 4%
JY € & €5 18 117 NSTRIT = ovpo 509 6
33 105 $2% 16 33 Ty i 33 W7
fNTay  <ORTYLA $t> 17 10 150 g°ST = w12 ) itds 1834 143 525 o8
LRIV = Jfatst. S0% 18 153 JFST = wp 505 49
JT =1 S5 19 30 '8 10 508 7o
30 1C & 05 28 160 MNSTARY = #17 o } $65 N
CNIRY  SORTLL £0% 21 173 Z3uTINgT $0% 72
LREV 3 LTRUE,. 5¢s 22 J0 133 <z)gevv 508 73
g1 2 2 S03 23 TFE €. . AMOLD 2z NAUKeJ) $0S  7a
LLOG = ,TPuL, $£5  2a 1F4 AL ) NHOLD = NAGU, ) S0% 7%
#3 = NSEO 505 2% L3-S | $65 16
MS = XAX0C 1e ASC ) $05 26 32 130 LaNSTART W2 S¢S 17
RE = NCw $9% 27 <3 = X% - ) SC% 78
TOATIVYE sLs 28 TFE 40 ) NALReXY) = NAIKeXT=1) $05 73
IRD =z vap sts 29 TFU N ) NACEY¥3,4%) = NA(K3=1y4) s05 g
s65 30 193 CoWTival ses oy
LY T 1235t aYw ) $85 % I5¢ <L ) NALZeK3-1) = NHILD $35 A2
IFONEY ) 76 7o 6 S05 32 170 %L ) KACK3-1¢x) = WMOLD H$] M
L 3 oTaule 505 33 19% CONTIvii 508 bt
NL 2 JFALSE. <05 3 2¢0 COoNTINUE s¢ L1)
NY = N 505 35 < $0% w6
LB S5 36 30 220 J2ZeN S¢Sy &7
GO 10 » €85 37 IF¢ 4L ) 35 Y0 28% 509 28
KL = JFALSE. <% 38 15¢ X33 X0 YAIKEYeJ)eVALKEYgJ=2) )} 2064 275y 207 <65 A9
NL = JIRUL. $¢% 39 205 1FC KTUOUAREE NB(JeRKEYDy NACU=1442¥I)) 2064 2200 207 505 70
NN TN SC% a0 206 IFC L3Iv 1 220 4 210 s 91
- z N S6S e} 207 150 LTV ) 210 4 229 $3% 92
SONTINUC 505 &2 216 x1 = v sts 93
NSTART 2 ) 55 a3 NTIRY =z 1 “2% 9a
30 200 J=2eNN SCS5 e 23INT 302. NIRY, X2 ses 9%
2 =z9-1 S35 AS 902 FOANATLe SOMETHING LRONG VITW SORT ==« YTRY Zelte Ky =ze13) $0% 96
JFST = 1 £05  &p TR FLEY $95 97
LAST = X2 S05 a7 220 ToNTIwaE S0% 98
IFC NL » SO 1O 65 S05 o8 300 RETAV 505 99
166 KQWPARE( NACKEYoJ) o VALKEYeX2) )) She 200- 67 SuS 83 [2 39 $05 .00
IFC KOYPAREL NACJeXEYIoVALK2eXEY) 3) She 20Ce 57 LT
TRUL o FALSE $05 5
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FUNCTION XOMPARF I 4]
THIS FUNCTION IS L1LLED RY
/XSOITX/ LLOGe NSCo
SJTMENSION  N1C(T)e N2(Y)

CO4M0N

LOGICAL LLCGe LOR2

1IFC LLes )

IFC NIC1) - N7 Q1) )
N3RANCH = -}

5C 10 53¢

NARANCAH = D

63 10 168

60 10 ¢

NORANCH = o}
<JUPARI T NIRANCH
RETURN

IFC LORD
KOKPARTZ = WTSORPC NSCe N1

RETIRN

J

NC
Jei
JSC
15¢
17¢
1fF¢
I1F¢
JCH
JSC
J =
NC

IFC NC )

NC
Jid

J
J

Jd
v

J

1

10
NCh
NSC

SC = 1 ) 1406 180,
CH = 10) 110¢ )10y 170

SCeJCH=111110,

TCOMPC JSCe N1CJ)e

JCH - 10
MINOC 1o JST )
¢+ 1IR)

“INDC 10 JCH )
30¢ 30 170

11 - JscC
JCH - NC ¢ 10

30 10 170
END

60 10 130

TABLE C-4. (Concluded)

SORT.

NC-e NSEZe LORDy IRD

o NC4y NSEQ )

JSCeN2(J)e NCo NSEG ) ) 20e 1804 40
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S0S
S05
S05
S05
S05
S35
S5
05
§05
S$05
Ses
S05
S05
S05
05
S0%5
sS0S
S0%
S05
so5
s05
S05
S$05
S0%8
S05
)
S0S
S95
SCS
S¢S
s05
S0S
ses
SCS
S05
S0S
S$0S
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APPENDIX D

EXAMFLE PROBLEMS
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Five e=xample problems that have been aggre-
gated by the computer code are included in this
appendix. The examples were selected to present a
representative coverage of many of the options avail-
able. All of the examples are for five judges rank-
ing seven alternatives. The examples are briefly

described as follows:

Example Problem Number 1: Aggregation of

complete lists of unweighted projects.
Example Problem Number 2: Aggregation of
incomplete project sublists which have been
synthetically ccmpleted and multiplicatively
weighted.
Example Problem Number 3: Aggregation of
complete project sublists with multiplicative weights

187

e —— o en
— T -

i

SRECEDDNG PASE BLANK-HOT FILMED .

L 2

and indge self-evaluation ratings without & minimum
self-rating threshold.

Example Problem Number 4: Aggregation of com-
plete proje~t sublists with multiplicative weights
and judase self-evaluation ratings and with a 40 per-
cent minimum self-rating threshold.

Example Problem Number 5: Aggregation of
complete project and one requirements sublist,

unweighted.

The input run control and data cards for all
five example problems are listed in Table D-1. The
key inputs are again listed at the beginning of each
example problem output. Example Problems 1, 2, 3, 4,
and 5, outputs are on Tables D-2, D-3, D-4, D-5, and
D~-€, iespectively. The first pages of Table D-2 con-
tain the Load Map for the computer code.
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TABLE D-2.

A TESHNILOSY PLANNI WG PRIORITIES

NNT= @ NPTYPL= 2 N2TYP2= O HATR= @ THLO=8. 80

INPUT READ IN PRIJECTS

NPRINTs- §— - -

EXAMPLE PROS NO 1,4 SJ X72, COMPLETE, NO WHEIGHTS

INDEX ELEMENT NAWE L1] Cav
1 PROJ A Ge 2
2 Po0s 8 o. 9
3 PROJ 2 8. 1
“+ PROJ D 0. 0
5 PROJ € — B - 8
o PROJ F Le J
s 7 ., PRCS G 0. 2
¢ END I 0
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TABLE D-2.

. EMASMPLE PRIB 8D 3. 32 X?A, COFPLETE, NO WEITHIS

JUIGE 1 JCOY =

TOT&AL N3R ALT = 4

-4 2» ¥ 4> 3
—JUD6E 2 JCOoY =
—FOTAL N8I ALT = 7

7>» 2= ©w»>» 3=

JUSGE 3 JCONV =

TITAL NBR ALY = 7

-~ 36 H @ 5> 5 e—7
JUDEE o JCONY =
~TIFAL—NOR MT o ?-

1> 723 5= 2> %

JUDGE 5 JCCwv =

TOTaL NBR ALT = 7

iy bt P g & 5

JSE vALUE LINIT =

(Continued)

] JUDGE MCIGHT = 0.0 ]
N THIS JUDGE = 1
> 6 7 - _ — s - - - -
[ JUDGE WEIGHT = .8 JSE WALUE LINIT s
T - HR ThIS JUDGE = -2 - —= s —mem o el L
> 6> S
< JUDGE ME IGHT = Sel JSE VALUE LINIT = [
NR THIS JUJGE = 3
>—t-b P — -— -_— -
2 JUDGE WEIGHT = 8.8 IS CMUE LINIT ]
HR THIS JUDGE-=-- -—& —_
= > &
- JUDGE ME IGKT = el JSE VALUE LINIT = 1
MR THIS JUDGE = 5
»—7->» 6 - ———
19?
e S S -
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SUS~-LIST FREQUENCY MATRIX
JUDGE 1 1 23 3> 4>

PROJ 1 2 3 L]

,xs & —3 U

TABLE D-2. {(Continued)

EXANPLE PROB NO 1, 53 ¥7A, COMPLETE, NO WEIGHTS

5> 6> T

LT T PP T Y 2 T

11I .0 1.7 1.0 1.0
21 0.0 0.2 1.0 1.8
31 Cen e J o3 1.C
oI Je0 0.0 0.0 0.0
51 0.0 0.3 8.0 g.8
51 0.0 0.0 0.0 0.0
71 Led Ce la2 FH

1.0 8- 1.0 — -

1.0 1.0 t.0

1.0 100 1.3

1.0 1.0 1.9

8. 6—4s0——150 - e
8.0 0.0 1.0

€.3 Cel GO — —- ) -
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TABLE D-2.

—S48-tIST FREQUINC! 4ATRIX
—JUB6E -2 -

—PREF—— 1 -

= ——EXANPLE -PROB-NO—Ltv—5J - ATA+—CONPLETEY-NO HEIGHTS

6> ~5— - — - —

cecevceocecscsccrnancewe

—tF— 9.0
—33¥F— - .5

1.8 2.8 —fob— - —- -

0.0

el tag Ot —

—F et -

L .

LA

(Continued)

194

i #

o ———




e

CEXAMPLE-PROB NO 14 54 %TA, COMPLETE, NO WEIGHTS
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TABLE D-2. (Continued)
~SUB-LIST FREQUIENCY MATRIX
; ~JUDGE 3~ - 3> 4= 5> 6= P> 13 2 cmemom—o—
—PROS-— 1 2 - -3 4o g —F
e 0400 1l 0.0 048 08 00050
21 0.0 0.0 0.0 0.0 0.0 0.0 0.0
=3 ¥ - ts0 1.3 g.0 1.0 1.8 1.0 <0 T Tt T
1 1.0 1.0 0.0 0.0 5 1.0 1.0
—— 5 F——ts— T, ~3eF- - ~a5 —tvp—teb——ts0
6 I 1.0 1.8 0.0 0.0 0.0 0.0 b
—=F I 10 140 © 0:0 0.0 0.0 W5 fv0-— -
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SUB-LIST FREQUENCY MATRIX

TABLE D-2. {Continued)

EXAMPLE PROB-NG {¢ 54 XTAy GOMPLETE, NO WEIGHTS

JUDGE « 1 » 7> B= 2> 3=z &> § . ——-
PROJ 1 2 3 “ 5 § e e n e - =
1 I wsl 1. 100 1.0 1.9 1.0 1.0 - - e
21 G.0 6.0 1.0 1.4 1.0 5 0.0
3 I 000 00'.‘ 0.0 05 100 000 0-0' T T mem———— T T——— ———
L 0.0 G« 5 0.0 1.0 0.0 0.0
5 I Cell o 2o vel Gett G gl ——meem— = A e —e s e = e ———
6 I 0.0 o3 1.0 1.0 1.0 0.0 0,9
71 0.0 1.0 1.0 1.0 1.0 t.0 0.0 s e e o ——ee
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TABLE D-2. (Continued)

SUB-LIST FREQUENCY MATRIX EYAMPLE PRCAB NC 1. 54 %7A, COMPLETE, NO WE IGHTS
JUDGE 5 $ > 3> 2> 31 = §3 T3> § I

PROJ- 1 2 3 s 5 ——F —- - — -~
Jeu Se 3o 0.0 5 1.0 1.0 —
1.0 o3 0.0 0.0 1.0 1.0 1.0

1.0 1.9 0.3 0.0 1.0 13 1.6 T B
173 1.0 0.0 1.0 1.0 1.0
5 Ce " Jed Gell - Lat 1.¢ 156 — -

0.3 0.0 0.0 0.0 C.0 8.0 0.0
0.0 8.2 D3 0.0 0.0 1e0 — 00— —-
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—SUMMED FREQUENCY HMATRIX

~JYB6E INDIFFERENCZ ZXISTS

TABLE D-2.

4

|
!
o ta

|

{Continued)

EXAMPLE PROZ NO 1y 5J4-%7A, CCMPLETE, NO WEIGHTS

~ADd- B3RBA~—- —— t--- 2
- 60— 11 0.0 3.0
k. 21 2.1 3

—= -8 31 2.5 2.0
3.0 41 3.0 2.5
——=12,8 5 I - L5 1.0
~ibed 6 I 1.3 1.5

-~ =1.,0 71 2.0 3.0
ADJ BORDA > 3> 1

198
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.8 3‘.‘0‘ - T ——— -
3.5 2.0
bed—Fe——m— -~ - - -
40 3.0
- B e s e e
Oed 1.5
3.5 - 0B —— — - -
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TABLE D-2., (Continued)
COMPUTED PREFERENTE MATRIX "EXAMPLE PROS NO L1y SJ X7As COMPLETE, NO WEIGHTS
SuH 1 2 3 b 5 6 4 - e
Bed 11 8- 1.0 5 ¢.0 9 tip—t.86- - —mm——— - - —_ - - -
3.5 21 ] Je G 1.2 5 1.0 1,0 0.0
4e0 31 5 0.0 0.0 S 120 1.0 1.0 . T
Sel 41 1.3 5 5 0.0 1.0 1.0 1.0
2.0 51 0.0 0.0 0.0 8.0 8.0 1.8 1.0 - -
0-0 6 I J-J ™ u.C Coﬂ 0-0 B.d 0.6
240 71 0.0 1.0 8.0 0.8 - 88— ti8- -84 - —m— - - — - e - —— - = -
PREF > 1> 3> 2> 5=z 7> §
NUM3ER OF FRACTIONAL SJMS= 2
LINER N= 7 KENDALL 0 = Lo 00 ZETA = 7143 PROB THAT RANK QRDER NOY CONSISTANT = ,03335716
RANK JRDER CONSISTANT AT iS5 LEVEL
RANK ORDER NOT CONSISTANT AY ,0%f LEVEL mee e o - s
UPPER N= 4 KENDALY D = -~ - 68,00 - ZETA = —— 6§29 —PROB—THATQANK-DRDERNOT CONSISTANT = 96968652 —
RANK ORDER NOT CONSISTANT AT .05 LEVEL T —
RANK OKRDIR HNOT CONSISTANT AT 01 LEVEL
AVZRASE N= 7 KENDALL O = be50 ZETA = «6786 PROB THAT RANK ORODER NOT CONSISTANT = ,05121429
RANK OROER NOT CONSISTANT AT .05 LEVEL
| RANK ORDECR NOT CONSISTAHNT AT .01 LEVEL — — -
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TABLE D-2. (Continued)
l—NGQNM.—H&O FRIQUENSY MATRIX-FLZZY EXANPLE PROB NO 14 5J X7A, COMPLETE, NO WEIGHTS
’ -1 2 3 . 5 3 7
11 000 D --v5 - -ale - o 7- -8 «6— - —-—
21 o+ Ce X 5 «8 o7 b
3 I 5 [ 6.0 .5 ,.c_ﬂ 8 o6 -
'3 ¢ 3] 'Y o5 0.0 «9 8 o6
51 3 2 0.0 P § 8.0 6 6 o
5 I 02 .3 .2 .2 ol 3.? 03
71 ol 1 b ole »le o7 - 848 —-— - --—
F() = «407 - -
-C¢R) = +593 — .= - e -
PROJECT 1 2 3 L 5 ] 7 - - -
FUZZY RANK ¢80 <80 480 100 0.00 <40 .58
- FuZ2y > 2= 32 1= 7> 6> 5 S --
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TABLE D-2. (Continued)

CONCORDANCE SuMMARY 8Y ELEMENT EXAMPLE PRO3 N0 14 54 XTAe CONPLETE, NO WEIGHTS
UNMEIGHTEDZ SuBL ISTS
1 2 3 4 5 6 7
JUDGE cmeeccccaaceaas ceesecemccesccacccmcccanee-
- JUDGE ¢ I - 1.0 2.0 3.0 he@ 5.8 68— —F48— T e s e -—-
JUDGE 2 1 4.5 2.5 45 2.5 7.0 6.0 1.0
- JUDGE 3 1 6.0 7.0 1.0 245 2.5 4.5 45
JUJGE & I 1.3 3.5 5¢5 5.5 7.3 3.5 2.8
JUDGE 5 I 4e5 3.0 2.0 1.0 &5 7.0 6.0
RS - tTed 1830 1040 $5:5— 2630 —27 .0 285—— - - = - - -
~“MEAN = 20.00 SuU% OF DEVIATIONS SQUARED-=- - 134.5¢ - -t oo
suw T = 3.50 : -
- KENDALLS COEFICIENT OF -CONCORDANCE = -~ 197 — —#H-o-5— —N-8-—F— - - s -

- RANMK-ORDER NOT CONSISTANT &T .05 LEVEL. CRITICAL S = 276,20
RANX ORDER NOT CONSISTANT AT .01 LEVEL. CRITICAL S = 343.80
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TABLE D-2. (Continued)

—CONCORDANGE SUMMARY—BY-ELENENT— EXANPLE—RROB—NO—tvy —5J—XTAv-CONPLETE, -NOHEIGHTS
UNJEIGHTED SUBLISTS
- t -2 — 3 - & 5 —- -6 7 —_———————— - —-
JUDGE - -
—AGBIRBE I —3rl—wel—2v0— tvl— Gwd—Feb— 58
PREF I 2.3 %0 3.8 1.0 5.5 7.0 5.5
R(J) Se.  B8e3 540 2.0 11.5 14.8 18,5
MEAN = 8.00 SUM OF DEVIATIONS SQUARED =  108.50
SUM T = .50
KENDALLS COSFICIENT OF CONCORDANCE = «977 n= 2 N= 7
RANK ORDER CONSISTANT AT 05 LEVEL. CRITICAL S =  97.80

—RANK-ORBER-— GONSISTANT-AT - +01 LEVELY CRITFIGA—S——1 8488 -
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TABLE D-2. (Continued)
—CONCORDANCE SUNWARY BY ELEMENTY - o e EXANPLEPROSND 15 S4-XTH5 CONPLETE. NO HEIGHTS
! UNNEIGHTED SUBLISIS
t 22— 3%~ 8- 85— % 7 - S
JUDSE .-
AP BIRA— I 00—t — G — T8 — 53—
Fuzzy e 3.5 3.5 3.5 1.8 7.0 6.0 3.5
LIl 6e5 7e5 5.5 2.8 13.0 13.0 8.5
MEAN = 8.00 SuUM OF DEVIATIONS SQUARED = 95.88
Sun 1 = 5.00
KENOALLS GOEFICIENT OF CONCOROANCE = <932 H= 2 N= 7
RLNK QRDER MOT CONSISTANT AT .05 LEVEL. CRITICAL S = 97.00
—m%m‘" ] 3 -
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—CONCORDANGE-SUNMARY BY-ELENENT
UNMEIGHTED SuBLISTS

TABLE D-2. (Continued).

- e = EXAMPLE-PROC ~NO-4v54 XTAv-GOMPLETE, NO MEIGHTS

— g -2 - - 3. M- B _§ 7 - - -
JUDGE
AR 2584 v —Tvl 10 ——5+5— Fwl— 55
FUZZy 1 3.5 3.5 3.5 1.8 7.8 6.0 3.5
RN 5¢5 Te5 BHe5 2.0 12.5 13.0 9.0
MEAN = 5.00 SUM OF DEYFATIONS SQUARED = 91.00
SUR T = 5.53
XKENDALLS COEFIZIENT 9% CONCORDANCE = «901 n= 2 =

RANK DRDER NOT CONSISTANT AT .05 LEVEL. CRITICAL S = 97.33
—RANK—SRDERNOT—GCONSISTHANT AT ——e 8- L EVEL GRITIGALS
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TABLE D-2.

{Concluded)
=~ TEXRANPLY PROB—NO 13— 53 XTA CONPLETE; -NO-HEIGHTS
S PREFERE NCE RANK ORDE;E;RRY o
ELEMENT INDEX MANK ORDER ) -
YL Iy 22— 8 =T > 6 —_ -
RANK ) PROJECY -
—1 ——PUID - -
2 PRI A B L
—’—j——s—‘—ﬂﬁi 17 e —— —— = =
& PROJ 8~ L ) ) )
PO - ————— =
5 PROJ © o
—_— " ———— —
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TABLE D-3.

—FESHMOLOSY -PLANMING 2RIORIFIES

—-—EXAMPLE PROB-NO 2+ 53 X TASINGONPLETELMULT WEIGHTS. SYN COMFLETIOM

INPUT READ IN PROJESTS
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TABLE D-3. (Continued)
EXAMPLE PRO3 NO 2. 54 X TAJINCOMPLETELMULT WEIGHTS, Syn COMPLETION
JUDGE L JCOVY = 3 JUDGE WEIGHT = 1.0 JSE VALUE LINIT = 10
TOTAL HBR atT = 14 NR THIS JUDCE = 1
. 1> 2 3 » 4» 5S> 6> 7 —s - e mmmmr e e e e e -
JUDGE 2 JCONY = 3 JUDGE NELGHT = 1.8 JSE VALUE LInlT = 5
TOFAL NBR ALT = 4 HR THIS JUDGE = 2 - ——— —_—— e — - = - - - -
7Tr 2 4> 2> 65> 8
SUSLIST IS INZOAP ETE
JUDSE 3 JCONY = 3 JUDGE MEIGHT = 4ol JSE VALUE LIMIT = .
TOT4AL HBR ALT = 14 NR THIS JUDGE = 3
§>» 6= 7
SUSLIST IS INCONPLETE
JUOGE & JCOYY = 3 JUOGE WELGHT = 240 JSE VALUE-LIMIY-= -10
TOTAL NBR ALY = 14 NR THIS JUOGE = [} - e e
1>» 7> 5% 2> 3= 42> §
JUDGE & JCONY = 3 JUDGE WEIGHT = 1.0 JSE VALUE LINIT = 5
TITAL NBR ALY = ? NR THIS JUDGE = 5
4>*» 3> 2> tx G3> 7> & - - -
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TABLE D-3. (Continued)
—SUB-tEST FREQUENCY MATRIX EXAMPLE PROB- NO-24-8S—X-TAyINCOMPLETELMULT WEIGHTSy SYN LOMPLETION
—JBGE4- - L > 2> 3> 4> 5> 6> 7 s e -
PROG———— — B3 5 & 7

XX YR R I I I T L R L T LR SR T T LY T

—t—{ 8.0 10 -$48 1,0 140 - 420 ~1,0 ~- —— - =

21 0.0 0.0 1.0 1,0 1,0 1.0 1.0
—3f—fad - - Ovl- B¢ Ayl 14O — Ot -

¥ I 0.0 0.0 0.0 0.0 1.0 1.0 1.0
e e s & L s B4 et s au 2

6 I 0.0 0.0 6.0 8.0 0.0 0.0 1.0

———F—F—0¢0--83s8- 00 -— 0.8 -G48 &8 4+t

- HEIGHTED StB=LIST FIEQUENCY MATRIX

TEXANPLE PROB-NC 2, 54 X TASINCOMPLETE ,MULT WEIGHTS, SYM COMPLETION

—HYBEE A — - - - - - -

-PROY———4———-2——3 " s 7 -

T U0 T80T 860 - 8.0 8e0— 80850 e
2 I ‘0.0 0.0 8.0 8.0 600 8.0 8.0

I 0:0—0%0 - 0:0 1630 16v0 ~16v0—t6<h - — e - -
¢ I 8.0 0.0 0.0 Ge0 “00 4.0 4ol

_'9—1 U K2 1 2l 38 g8 s &0 —_—
6 I 8.0 0.0 0.0 0.0 0.0 0.0 16.0

0508 005 0——8u0  De0 ~—O0s0——B3D
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- S5UB-LIST FREQUENCY MATRIX

-JUB6E 2 7> 2= 4
RO 1 2 3
""1 I 000 0.0 100
21 1.0 0.3 1.0
- 31 0.0 0.3 0.9
+ 1 1.0 ¥ 1.6
-- 3 1 LR AY 3, L.
6 I g.0 0.9 1.0
71 1.0 1.C 1.0

WEIGHTED SUB-LIST FREQJENCY MATRIX

JUDG: 2
PROJY i 2 3

B TS W W D W " S W D -

.0 Ge 8."
3.8 0.3 8.3
0e0 0.9 0.0
4ol 24) 4o
gel e Bo7
B.0 0.0 16,0
4e0 40 ko0

NS W
et N Py

TABLE D-3. (Continued)

EXAMPLE PRROB NO-2y SJ X-TA+INCOMPLETE MULY

O

FomooFo

oo oo o

ST

R

HEIGHTSy SYN COMPLETION

EXAMPLE PROB NO 2+ SJ4 X 7A,INCOMPLETE,MULT WEIGHTS, SYN COMPLETICN
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—SUB-LIST FREQUENCY MATRIX

TABLE D~3. (Continued)

EXANPLE PROB NG 2y-5J X 7A+INCOMPLETE MULT WEIGHTSs SYN COMPLETION

- -JHOGE 3 5>» 6 = > {= 2= 3= 4
—34- - t - 2 3 L 5 - & — - T - o & - -
—41 I 0.0 5 5 5 G0 0.0 0.0
21 5 Co o5 s Leu Jel Let
—-3 1 5 o> 0.9 5 0.0 0.8 8.0
6 I 5 ] 5 0.0 0.0 0.0 0.0
~—5-F- - 1,0 1.3 1.0 1.0 0.0 140 - 1,0 I e e - -
51 1.0 1.0 1.0 1.0 0.0 0.0 5
- [ § 1.8 1.0 1.0 1.0 ' 1% ] 3 d.0
HEIGHTED SUB-LIST FREQUENCY MATRIX EXAMPLE PROB NO 2, 5J X TA,INCOMPLETE,MULT WEIGHTS, SYN COMPLETION
JUDGE 3
R3F- i 3 2 3 & -5 =] 7 e i
R A | 0.0 16.2 16.2 16.0 0.0 O.0 0.0
21 16.0 0e0 15.0 15640 0.0 8.0 Vel
31 3260 32.0 0.0 32.0 0.0 0.0 0.0
+ I 8.0 8.9 8.0 0.0 0.0 0.0 0.0
=51 160 - 1640 15.0 1640 868 46684640~ -
61 64e0 6Lel H4e0 64a0 0o 0.0 32.0
Tz 166y 16, 157 1648 Cel 8.0 0.0
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TABLE D-3.

~SUB=LEST-FREQUENCY MATRIX EXAMPLE PRO8 NG 2,

(Continued)

54 X TA¢INGOMPLETELMULT WEIGHTS, SYN COMPLETION

—JUB6E &- 1 >» 7> 6= 2> 3= 4> §
—RF—- -1 2= -3 - -« Hommmm 6 - —F-- S e — — - -
——t=I - 8.8 1.0 100 1.0 1.0 1.0 1.0
21 0.0 0.0 1.0 1.0 1.0 «5 0.0
~—3f -0 - D Ja 5 1ot defi 0.8
b I e 0 8.3 3 0.0 1.0 0.0 0.0
—_— - 8vd B3 Ge8 Ge8 - -0v0 —B28 -~ - B - ————
61 0.0 3 1.0 1.0 1.3 0.0 0.0
—F=F - B.b -1 L3 Lev 1.8 1e% - veb
“WEIGHTED SUB-LIST FREQAUENCY MATRIX EXAMPLE PROB NO 2y 54 X TA, INNOMPLETE MULT WEIGHTS, SYN COMPLETION
Lt S
PROF——— B = B A= Goms G P o e e e - S e
i Tl § Vel 1648 15.0 16,08 16.0 16.08 16.0
21 0.0 0.0 15.0 16.0 16.0 8.0 CeC
— 3 I F33 Le0 8.8 16,8 32.0 6.8 6.0
' § 0.0 0.0 4.0 0.0 8.0 0.0 0.0
I — %0 - 00 4O Wb OO —OO0—CF - — - . - - - - -
6 I 0eD 160 32.0 32.0 32.8 0.0 0.0
-~ I"'—'“_ﬁ?:" - Be” 8,0 6.3 8.3 R 8.0 8.8 = - -
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TABLE D-3. (Continued)

—S#3-tEST FREQUENCY #ATRIX

-EXAMPLE PROB NO 245 54 X -7AINGOMPLETELMULT WEIGKTSy SYN CONPLETION

—JUBGE 5 $> 3I>» 2> 4= &> 7> & - - L. B
—PRG— - 8 2 -3 -4 -5 & ¥ s e
-1 1 0.0 0.0 0.0 8.0 5 t.0 t.0 - -
21 1.0 0.0 0.0 .0 1.0 1.0 1.0
=3 I fev e Iei 3.8  fe  tef 148 - I e R
6 I 1.0 1.5 1.0 0.0 1.0 1.0 1.0
—5 3 o5 8e0 DB — 838 - Brb- —tsB-——ted-— - T
61 0.0 0.3 0.0 8.0 €e0 8.0 8.0
- 71 Cev E) e el Ced i %] el - - - T - - -
HEIGHTED SU3-LIST FREQUENCY MATRIX EXAMPLE PROB NO 2, SJ X TR, INCOMPLETE JNULT HEIGHTS, SYN COMPLETION
- JUOGE 5
- PROJ 1 2 z 4 5~ §—— F-— : e

TR T S D D D

1 I 8.0 0.0 0.0 0.0 4.0 8.0 8.0 - - -
21 8.0 0.0 0.3 0.0 8.0 8.0 8.0
31 16.0 16, T2 del 16e) 1680 16.8 -
eI 40 4ol 4.0 8.0 be0 4e0 4ol .
- 31 2.1 8.0 - 0.0 G0 0.0 %5t 8 - — = T - o -
6 I 0.0 0.0 0.0 8.0 0.0 0.0 0.0
T1I 3.3 Je fo. vel Uael Ged .8
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SUMMES—FREQUENCY MATRIX

JUDGE-ENIEFFERENSE EXISTS
—EQUIY—— e

ADJS BORDA ADJ BORDA
38.0 3.5 1
b0 - =35 2
12.0 3.0 3
13870 =49y 5o
-102,0 -25.5 3
—204s 8- 780
-20.0  -5.0 7
ADSBORDE—- 6 > &

I
1
I
3

I
1
I

TABLE D-3. (Continued)
EXAMFLE PROB-NO 2y- 54X FAyIMGOMPLETE, MULT MEIGHTS,
1 2 3 & 5 6 7
0e0 4040 4840 -40e0 36.0 &45.0. 32.0
320 - 8.8 48.0 - G4sd-—-40+0--—32+8—25v B — -
4845 48.C Lol 6Led 6L.L 32.0 32.80

18.0

16.0

20.0

16.0

0eC 2400 24,0

648 B840 £120f - 96504800 — Def—4850 —

200 28,0 28.0 28,0 12.0 24.C

3>

2> 7> 5 r—fgmm—.

Ged

——$6vd ~1r 8 20w GGl — 2Oy f— A F—Bu B - ——
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TABLE D-3. (Continued)
OMPUTED PREFERENSE MATRIX EXAMPLE PROB NO 2, S5J % 7A,INCOMPLETE,MULT NEIGHTS, SYN COMFLETION
S——~ —— - 1 2 3 4 5 6 T
55—+ F- —- 450 - 1.0 o5  138- - tw0 —Bet 138 —— e e - - - - - -
2.5 21 0.0 9.0 o5 1.0 1.0 0.3 0.0
“ 4.0 3T .5 «5 0.0 1.0 1i0 G.0 130 -
1.0 &I 0o 043  uel  GeB 140 0.3 00
—1t30 S5 I~ 0.2 0,0 0.0 0.0 0.8 0,0 t.,0 -
6.0 6 I 1.0 1.0 1.0 1.0 1.0 0.0 1.0
—2et—FI - —ft——1s0 - @58 —iv@ Oad BB BP——————— -~ = - . e — e e e
REF 6> 1> 3> Z> 7> 4= 5
MBER OF FRACTIONAL SUNS= 2
INER T 4 XKENDALL O = 2400 ETA = <5571 PROB THAT RANK ORDER NOT CONSISTANT = .00613285
ANK ORDER CONSISTANT AT .05 LEVEL
IMNK-ORDER- — - COMSISTANT AT .01 LEVEL : —
IPPER———N=— T  KENDALL O = —— 480 Z2ETA = T143———PROB-THAT RANK-ORDERNOTCONSISTANT-=- 03335744 —
ANK-ORDER -~ —CONSISTANT AT .05 LEVEL - -
ANK ORDER NOT -CONSISTANT AT .0t LEVEL
VERAGE N= 7 KENDALL D = 3.00 2ETA = 7857 PROB THAT RANK URDER NOT CONSISTANT = ,01728571
NX ORDER CONSISTANT AT .05 LEVEL
; ORDER "NOT GCONSISYANT AT 01 LEVEL o memr e e ——
i

a4t
e
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TABLE D-~-3. (Continued)

-CONCORDANCE SUMMARY BY ELEMENT EXAMPLE PROB—NO-2y 54 X TAJINCOPPLETE MULT WEIGHTS, SYK GONPLETION
UNNEIGHTED SUBLISTS

- 1 2 3 4 5 6 7

JUDGE B T L T R N e e L L LR P
—~JUB6E ¢ I 1.0 2.0 3.0 %e8 - 5480 6s8- Fed— - ———— e - - -
JUDGE 2 I 4.0 2.5 7.0 2.5 6.0 5.0 1.0

-JUDGE 3 & 5.5 5.5 55 5.5 L8 245 2.5

JUDGE & I 1.0 3.5 5.5 Se¢5 7.0 3.5 2.0

JUDGE 5 I 4.5 3.0 2.0 1.0 45 7.8 6.0 -

R{4} 1643 $5.5 2348 $8.5 23,5 e f-4B865----- — - - = mmrie - - s --

MZAN = 20.00 SUM GF DEVIATIONS SQUARED = 70.80

SUM T = 7.51

KENDALLS COEFISIENY 07 CONCORDANCE = 2166 — H-o HF—e N &—F- -——— ——— . - - S - =-
RANK ORDZR NOT CONSISTANT AT .05 LEVEL. CRIVICAL S = 276.20

RANK ORDER NOT CONSISTANT AT .01 LEYVEL. CRITICAL S = 343.80
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TABLE D-3. (Continued)
SONCORDANCE SUMMARY 3v ELEMENT EYAMPLE PRO% NO 2y 5J X TAJINCOMPLETE MULT WEIGHTS, SYN COMPLET IO
UNMEISHTED SUBLISTS
N 1 2 3 L 5 6 7
JUDGE L e e LT T RS ——
%J—QQR{J& I 2.9 (7Y ] 3.0 700 ‘be 8- - 1.8 5.8 - - - =TT == - -
PREF I 2.0 4«0 3.0 6.5 6.5 1.0 5.0
RS} Lol 8.0 60 13.5 12.5 2.0 10.0
MEAN = 8.00 SUM OF DEVIATIONS SQUARED = 110.53
‘SuM T = «50 ’
KZNDALLS SOZFISIENT OF TONCORDANCE = «995 4= 2 N= 7
RANK ORDER COMSISTANT AT .05 LEVEL. CRITICAL S = 97.00
—RANK ORDER CONSISTANT AT i1 LEVELT CRITICAL S=—2Os¢88 ~—mm———— - —— - -
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ELEMENT IN3IX 2ANK 9DER
~&>—% > 3> 2> 7>

RANK PROJECT
—_——— PROJ F

2 P234 A

-——=—3- PR0J S
e P04 8
=g £20J 6
6 roso

s-—- G- - PROY

4

5

L [TES

TABLE D-3. ({Concluded)

EXAMPLE PROB HO 2y 5J X TAyINCONPLETE,MULT NEIGHTS, SYN COMPLSTION

PREFERENCE RANK OKDER SUMNARY
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TECHNOLOSY PLANNIIG PPIORITIES

NMT= 2

INPUT READ IN PROIJECTS

INDEX

CYNO N W

NPTYPL1= ]

SLEMENT NAME

PROJ
PROJ
PR0J
PR0OJ
PROS
PROS
PROJ
END

amMmuiyw >

MATR= 1

et

s

TABLE D-4.

EXAMPLE PROB NO 3+ 53 X TALCOMPLETE,JUDGE SELF EVAL (W/0 THLDY +MULT MTS

THLD=0. 00

OQMmOOOoLO

KPRIKT= 9 - e e

CAT
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TABLE D-4.

(Continued)

~ERAmILE 2433 N3 5. 3 € TR TCMMETELDGT SELF ZaL {wrd FMDiymRT 8IS

23 L H ]
F333L 2 FE=11 1
T340 %3 At = T

?r 2% 2> }a 3

25 R -3

238 2 J2xit =
TIraL w3 il x 7

FITEL Wt =

®x In2d 200L =

H FERE 1LY

2 FRLL W IGHT &
W TRIS JUE

X Tai% S =
*» & & =—
Ll -23

S—-3 3 Feefe Bt T — -—

.35 75

e 33E FILST LINIT = 32
.28 -t
e FEE WAz (eIt e 2
133 232

1.22 -3

H FIGE wizal =

W OTHIS KICE =

———trr—t-e § v 2 r—_Se-—wye—%—

53 -5 P4 ]

JINIE S JoIeL
TITAL =R aLT = 4

—_—t =3+ T+ 1% &

.88 EP 1 BH

1.3 1.83

L3

22N JSE wMuE LI%IT s

3 PIDCE WILAY =

W TNIS ROE e
» 7> &
1.8 «23

s

55 4%

p 3% I3 TRUL LINIT . s

1 1-33
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TABLE D~4. (Continued)

SUB-LIST FIEQUENTY w11y ETAMPLE PPCB KT 3o SJ & PR,COWPLETE SUDSE SELF EvAL (WD TulT). ,ULY TS
J336E 1> 2» 3> &> 53 > 7
PRIy 3 2 3 Y 1 [ 4
i1 Je3 3 1.0 1. 1.¢€ 1.3
21 Se2 b4 L8 1.8 1.8 o3
L2 4 2.2 2 S 2e2 12 1.2
»1 Fe b ] Te 1.8 1.9 P
3 71 rea H s s ) 1.2 - = -
51 3.0 3 d.L0 Ze8 2.3 -3
T S.2 H . 2.2 a2 fe2 *
SUB-LIST SELF EVALULTIZY FRESUENCY =ATRIX EYANDLE FROB NO 34 54 X TAJCONPLETELJUDGE SELF EVAL (M/D 0 5F o T w?
JUIGT 2 13 2> T3 &> 53 &> ¥
P03 1 2 3 - s & ? - - - -
1 eul 2 <32 «28 .28 28 .22
3 21 J.9% 2.0 .32 -8L .82 L& + 82
3z 3.8 .82 32,92 -4 -l %3 25
» I $«95 De8F f.C .88 «be «B& +5G
31 sees 3ea el 2438 wads W20 .25
51 .89 3.327 .33 3.91 3.83 2.25 1.50
71 .30 0.0 £.33 0.9C €.&Y 8.38 S.ET
L MEISHTED SuB-LIST FII30InlY MLIIRIX TREWPLE PRATI NC 3. 53 X TALCOMWLETE L JUDSGE
J356Z 1
PW0J 1 2 3 » s 3 4
11 Jes Se3 1% 1ot 1.£ 1.6 1.¢
21 g3 - 1 S.a Bele  Heb  Besr  feb
31 Zal  CeI 2.7 Sew  few  Bebk  Bake
s 1 Ce3 Qa2 3.3 3 Zete 2o r-£1%
51 les = e Y 4 a2 ] 8
51 3e3 8.3 3.3 3.6 343 843 16.0
11 8.8 De3 2.1 3. 2.7 2.8 £.2
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. &
23
b ]
£
65
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TABLE D-4. (Continued)
SUB=LIST FREJUENSY HATRIY EXAHPLE PROB NC 3+ 5J X TALONPLETEJUDGF SELF EVAL (M7 ThLEYMULT WTS
JUDGE & 7> 23 &> 1z 3 >» 6> 5
PR0J 1 2 3 h 5 6 7
11 deo Ce 5 0.0 1.0 1.0 9.0
21 1.0 .5 1.9 5 1.9 1.0 0.0
31 5 .3 0.2 [ ] 1.0 1.9 3.0
o1 1.0 5 .3 0.0 1.0 1.0 0.0
51 Get e ve- .ol Vet Jed Gt
51 30 LRy 0.1 J.3 1.0 9.0 3.0
T 1.0 1.3 1.2 1.0 1.3 1.0 0.9
SUB-LIST SELF EVALUATION FRCOUENCY MATRIY EXAHPLE PROS NO 3y 5J X TACONPLETEZJUNGE SELF EVAL (M/C THLODD JMULT ¥TS
JUIGE 2 7»>» 2= &> 3= 1> 6> 5
PROJ 1 2 3 s 5 6 7
11 G.00 0.90% +13 9.00 «20 «20 0.00
21 +40 0.02 Y 20 40 «h0 0.00
31 «20 0.03 0.00 0.00 bl «u0 0.00
+ I 40 .29 «ad 0,00 <43 49 0.00
51 2432 242 et vell Doy, 0.00 0.00 - -
61 0.00 0,00 0.00 0.30 .30 0.00 0.00
71 «30 +5C .32 «80 80 «80 0.00
4 WEIGHTED SUB-LIST FEQUINCY MATRIX EXAKFLE PROB NO 34y 5J X TAJCOMFLETEZJUDGE SELF EVAL €470 THLD)JHULT WTS
JUbez 2
PROJ 1 2 3 4 5 [ 14 e — - — -
1 1 Te. W 8 Lev 146 146 Lal
21 3.2 0,] 3,? 1.6 3.2 3.2 8.0
31 3.2 8.0 6.2 Je0  €en 6.4 Qo0
61 1.6 o4 1.5 9.0 1.6 1.6 Q.0
31 0.0 Ged 0.0 0.0 0s0 Qev Gov e e m e -
51 e, 0.2 0.3 0.0 1o.0 0.0 0.0
I 3.2 3.2 3.2 3.2 3.2 3.2 0.0
221
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JUOGE 3
PRIY 1
11 8.0
21 8.0
1 3I 140
I 1.0
51 1.0
6§ 1 1.0
r: ie.

JUDGE 3
PROY 1

9.00
6.0
125
1.00

75
1.00

53

NV e
=t g b ey R

JUDGE 3

PRO Y 1
{11 0.0
21 0.8
31z 540
“1 to.0
51 12.8
61 Huel
rI 8.0

3 >
2

1.02
0.0
1.0
1.09
73
1.03
'5

2

32.¢
0.4
5440
1642
12.9
Bued
LD ]

SUB-LIST FREQUENCY HATRIX

PR

L]

TABLE D-4. (Continued)

EXAMPLE PROB NC Ty SJ X PAJCOMPLETE,JUOGF SELF EVAL (N/9 THLCI,MULT WTS

R LI LT

WEIGHTED SUB-LIST FRITYSNCY MATRIX

SY3-tIST SELF EVALUATION FREQUENCY MATRIX

+ 2 5> ¢ 7> 1> 2
3 - 5 6 7
0.0 d.8 0.0 9.0 0.0
[ ] da0 0.0 0.0 Jou
0.7 1.0 1.3 1.0 1.0
0.0 0.0 5 1.0 1.0
0.9 «5 0.0 1.0 1.0
0.0 0.0 0.0 0.0 5
e . et Loy o5 0.9
I.AHPLE PROS NO 3, 5J X 7R,COMPLETE,JUDGE SELF EVAL (N/C THLD) .MULT uTS
sz 5> § T> t» 2
3 " S 6 ?
0.00 O.b¢ d.0C 2.00 0,00
0407 060 0.00 0.00 0.00
e e 1635 1elv 1430 1480
0,00 0.00 .50 1,00 12.00
0.00 «38 0,00 .75 .75
0.00 J.00 0.00 0.00 «50
[ Jedb  delf 25 Qauw
EXANPLE PROB NGO 34 5J X PA,COMPLETE,JUDGE SELF EVAL (W/0 THLD) +NULLT WYS

3 . H [ ?
8.9 8.6 0.0 0.0 8.0
2,3 2.8 0.0 0.0 Q.0
Te. B4eL Buev 64,y Bt
0.9 0.0 8.0 16,0 16.0
0.3 6.0 0+0 12.0 12.0
0.0 0.0 0.0 9,0 32.0
0.0 8.0 .. el Tou
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SU3-LIST FREQUENCY 9AT2TIX

JUDGE &

PROJ 1
11 0.3
21 8.0
31 0.0
1 0.0
51 Ve
61 0.9
11 GeD

1 >

7 >

SUB-LIST SELF EVALUATION FREQUENCY HATRIX

B L L L L TR T TP vy

JUDGE &

PROJ 1
i1 delli
2t 0.00
31 .00
1 0.00
51 wela
51 0.00
rt1 0.00

Y
2

6
0.03
0,0¢
0.00
L.3

«39

83

3

«53
«5C
0. 00

«58
de 1
59
«39

TABLE D-4. (Continued)

EXAMPLE FROB NO 3y 5J X TACOMPLETZ.JUOGE SELF EVAL (H/3 THLD)AMULT WIS

WEIGHTED Syu8-_IST FREJUENCY HATRIX

JUDGE &
PROJ 1

t1 deo
21 6.0
31 0.0
¥ 1 0.0
31 9.9
61 Vsl
71 0.0

~

€6 2> 3= &> 5
3 5 & H4 - -
1.0 1.0 t.0 1.0
1.6 1.0 5 0.0
«5 1.0 8.0 g.0
a6 143 0.0 0.0
<ol Lot 3.8 00
1.0 1.0 oS [
1.6 1.0 1.9 0.9
EYAMPLE PROS NO 3, 5J % 7ALCOMPLETE.JUDGE SELF EVAL (W/0 THLOD) MULT ¥TS
62 2» 33 &> 5
. 5 6 7
260 45T B0 60
«50 50 +25 0.00
«35 o73 D.00 0.08
3480 1.8¢ 3.00 o0.00
ee20 et st G0,
+6U «53 0.00 .00
<80 -850 +30 0,00
EXAXPLE PROB NO 3y 5J X TA,COMPLETE+JUDGE SELF EVAL (W/D THLD) ¢MULT WTS
“ 5 5 7 - -
2.6 9.5 3.6 3.6
3.8 &6+ 0 40 0.0
11.2 22.4 8.0 G0
0.0 8.0 0.0 0.0
0.0 Ge 0 bRYY veu
19,2 19,2 3.0 0.0
beld 6ot Gele 0.0

(LR T e

IREEREER

SFNOOGLON
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SUB~-LIST FREJUENCY HATRIX

TABLE D-4. (Continued)

EXaMPLE PROB NO 3, 5J X 7ACOMPLETE,JUDGE SELT EVAL (w/0 THLO),4ULT NTS

JUDGE £ “ > > > 1= §>» T3> %
PROJ 1 2 3 “ 5 6 7
11 0.¢ .5 9.9 0.8 5 1.0 1.0
21 1.¢ Go3 0.0 0.0 1.0 1.0 tev
31 Lei 148 9.3 9.0 1.0 1.0 1.8
L3 4 1.0 lev 1.7 0.0 1.0 1.0 1.8
51 5 [ 2.0 2.0 .9 1.0 1.0
51 0.3 .3 9.9 9.6 0.0 9.0 0.0
11 2. e ‘e let Lev 1.3 3.2
SU3~-LIST SELF ZVALUATION FREQUENCY MATRIX EXAMPLE PROB NO 3y 5J X TALCOMPLETELJUDRS SELF SVAL (N/0 THLOD) MULT RIS
JUDGE 5 &> > > 1= 5> 7> &
PROJ 1 2 3 L 5 [ ?
1 I 5400 000 0.0 Q.00 «50 .00 1.0¢0
21 1.06 0.00 0.00 9.00 1.00 1.00 1.69
31 8. - T Jeut .1 <83 0y .1
“ I 1.80 1.02 1.9 0.00 1,00 1,00 1.09
1 «180 0,00 0.00 0,06 0.00 + 20 «20
b ! 8.00 0.0 0.G0 0.00 0.00 0.00 0.00
71 0.0 9.3 92 Cedl Coiv dewe Jad:
WIIGHTED SUB-LIST FREQUINCY HATRIX EXANPLE PROS NO 3y, 5J X TA,COMPLETE,JUDGE SELF EVAL (H/0 THLDI4™LT WTS
JUOGE 5
PROY 1 2 3 L} s 6 7
11 0.9 0.3 0.2 0.0 4.0 8.0 4,0
21 3.9 2.3 9.2 0.6 8.3 3.0 8.0
3t 12.3 12.4 oo cel 32.8 12.8 12.8
1 ++0 4ol 2¢0 . 0.0 .0 4.0 u,0
51 ol 0.9 0.0 0.8 8.0 8 .8
51 0.0 0.8 9.0 0.0 C.0 0.0 0.0
71 0.8 0.9 8.9 0.8 Ga0 4D vel




TABLE D-4.

SYMYED FREQUINCY MATRUIY ZXAMFLE PRO3 NO

JUIGE INDIFFERENCY ZXISTS

- -EQUIY -
ADJ BORDA ADJ BC?DA i < 3 1 3 4]
-77.2 =19.3 1 I J.0 43.2 12.0 11.2 _16.¢ 20.8
-137.6 ~3lhels 21 11.2 0.0 17.6 16.0 2546 2146
4352 113.8 31 Ble. 75 .8 Cad 8.6 112.. 83.6
= "‘21’9'2 ‘5.3 L3 I 2106 20.6 9‘6 0.0 2‘0.6 2‘0.6
=165.6 =41.4 51 12.4 12,0 0.8 6e 0 0.0 13.5
- 72.0 18.0 6 I 64wl 73.6 19,2 19.2 35.2 0.0
=125.6 -31.4 71 11,2 17.6 9.5 9.6 9.5 1746
-4B0d- BIRDA 3> 5> 4> 1> 7> 2>» 5 - . ---
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(Continued)
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TABLE D-4.

COMPUTED PREFERENTE “ATRIX

Sun 1 2 3 4 5 & T
T30t I 0.0 1.0 G8e0 8.0 1.0 0.0 1.0
1.0 21 0.0 5.0 0.0 0.0 1.0 0.0 0.8
T Bel 31 1.3 1.0 0.0 1.0 1.8 1.0 1.0
S50 4 I 1.] 140 Gei ol 1% 1.0 1.0
- 1.0 $1 0.0 0.0 0.C 0.0 0.0 0.0 1.0
4ol 6 I 1.0 1.0 0.0 0.0 1.0 0.0 1.0
et 1 0.8 1.0 0.3 0.0 0.0- 8.0 8.8 --
PREF 3> 44> 6> L >» 5= 2= 7
NUMBER OF FRACTIONAL SUNS= g
N= 7 KENDALL O = 1.0¢ ZETA =

RANK ORDER
“RANK ORDER

CONSISTANT AT
CONSISTANT AT

+«05 LEVEL
«01 LEVEL

EXANMPLE PROB

{Continued)

i
!
KO 3, 54 X TALLOWMPLETELJUDGE SELF EVAL (W/0 THLOI,MULT dTé

«9286 PROS [HAT RANK ORDER NOT CONSISTANT = 0020244




e

i

~CONCORDANCE SUMMARY BY EL
| UNWEISHTZIOD SUBLISTS
: 1

2 3 5 6 7 -
JUDGE = ecccccccccecaa e ——a- .
~JUEGE 1 I 1.8 2.8 -3x0—4.0 58— -6¢8 F+8
JUDGE 2 I 4.5 2+5 445 245 7.0 Geu 143
JUDGE 3 I 5.0 7.0 1.0 2.5 2.5 4.5 4.5
JUJGE & I 1.0 3.5 55 545 7.0 3.5 240
- JUDGE 5 I %5 3.0 2.0 1.0 4e5 7.0 6.8
-RESD i7. 18+0 1640 1545 268 2748 2845 — ———— - —_
MZAN = 20,00 SUM OF OEVIATIONS SQUARED = 134
SuM ¥ = 3¢50

EMENT

TABLE D-

EXAMPLE PREB- NO-3y- 5% T-AcGOMILETE y JUDGE

KENDALLS COEFICIENT OF CONCORGANCE = -

RANK ORDER NOT CONSISTANT
RANK ORDZR NOT GONSISTANT

AT 05 LEVEL.

AT .01 LEVEL. CRITICAL S

4. (Continued)

SELF EVAL (H/0 THLOD) yMINLT W

137
CRITICAL S

——”-‘—.5_ ___N -3 ; .

«50

276428
343.80
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TABLE D-4. (Continued)

‘CONCORDANCE SUMMARY BY FLEMENT

EXAMPLE PROB NO 34 54 X TACOMFLETELJUDGE SELF EVAL (H/0 THLD) gHULT

UNMEIGHTZD SUBLISTS

1 2 3 & 5 [ ?
JUDGE e
~ADS BIROBY- I - 4 0 6.0 ted -Fod - 0230 50 - ———— ——— . -
PRZF I 4.3 Seu 146G 240 6.4 348G 6.0
RS 8.7 12.0 2.0 5.0 13.0 5S¢0 11.0
MEAN = 8.00 SUM OF DEYIATIONS SQUARED = 104.00
SUM T = 2.00
KENDALLS COEFICIENT 07 CONCORDANCE = «963 = 2 N= 7
RANK ORGER CONSISTANT AT .05 LEVEL. CRIT{CAL S = 97.00

RANK—ORDBIR NOF CONSISTANT AT .01 LEVELS
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TABLE D-4. (Concluded)

m— EXAMPLE PROS NO 3, 54 X--7ASGONPLETEJUDGE SELF EVAL (/70 THLDI,NULT NTS

T PREFERENCE RANK ORDER SumMARY
* ELEMENT INDEX 28NK 9DER -
P ——3> 4> 5> 4> 5= 2= 7
 mas oexerssr ] - o
—_— g P304 C ~ . R
T2 s » o i o o
— -3 PROJ F — e o o
e s o B N T
——— 5 - -PROJ E - -
5 eo9s . S T

§—- PRI 6 e emmee m——

|
vl

| YR




i

o

PROJ
PROJ
PROJ
PRJJ
PROJS
PROJ
PROJ
END

1
|
ONTCWE N

TECHNOLOGY PLANNIYG PRIORITIES

Nu¥F= -2 —~NPFYP1= §

INPUT READ IN PROJECTS

= INDEX © EUEMENT nAvE

OMMoOO W

MATR= 2

=
-

2e
2e

LXY

1.
Lo
1.
Ce

|
¢
i
:

coodtooo

TABLE D-5.

EXAMPLE PRCS NG &, S4 Y7A, COMPLETEJUUGE

~THLE= vk ——NPRINT=—¢-
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TABLE D-5.

EXAWPLE 2003 2 by 53 v7A, COMPLETE «JUDGE SELF

JI33€ 1 X = [ JUDGE WEIGHT =

TITAL %92 ALY » 7 KR THIS JUDGE = :

1% 22» 3> &> 5 6 7

23 32 sl 17 «20
3333 2 JoovyY = [ JUOCE MEISHT =
TIaL N37 ALT = 7 KR THIS JUIGE = 2

T»> 2 &> 32 t>» 6> & —

-5 el ed okl 20

JUICE 3 JEINY = [ JUOGE WEIGHT =

TITEL NB: ALT = 4 NR THIS JUDGE = 3

3+-bfbw 5> 63 T>» 12> 2 - —_ e e e e =
1.38 «75 1.30 1.60 75 1.08 52
JIISE & JCoNY = ¢ JUCLE WEIGHT = 2.8 JSE WALUE LIWIT = 18

TITAL NBR ALT = 14 N THIS JUDGL = -

=4t 7> H£w 2> 38 4> %

58 +58 o8 1.8 1.88

231

(Continued)

EVALICTZ TolZleMAT MNTS

1.3 JSE YILUE LInIT = 1e

1.2 J$E w2LUZ LIWIT 2

s

lete 43

Lo JSE YALUE LINIT =

69 83

»




[

1
AR 0%

B ki

ol

LT

Ik

3
~
£
-

!

TITAL NBR ALT

YN W e
bt O ot Bt ol bt e

'Ba

SU3-LIST FRIQUINIY “ATRIX

N? THIS JUDGE

«23

6 - —p—

8.0
1.0
3G
1.0

B8 —Ge8- —0s0

0.0
Jeb

LN - N - W]

TABLE D~5. (Continued)

JST VALUL LTI™IT = z

PRO8 NO 3, 5J XT3, COMPLETT JUDGE SELF EVAL(LZYZ THLC),MLLT »
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—SUB-LIST SELF EVALUATION FRIQUENCY MATRIX

LT

TABLE D-5. (Continued)

EXANPLE PROB HO 4y 5J X7A, COMPLITE,JUDGE SELF EVAL (60Z THLD) +MUL

-JUBGE ¢ 2 > > 6> 7 6> &> ¢
—RSIUEZH MATRIX e
PR J 1 4 3 & 5 6 7
1 x ey . 343 -e - vedl Cel ceCC Jebu
—=2 I—-48.03 0.07 40.83 «30 8489 ~39- 88—
31 0.00 0.03 0.00 O0.00 0.00 8.50 0.060
—% 1 €.00 0.03 0.09 8.00 0.08 «68 +«50
5I G080 N.02 0.00 0.00 0.00 0.006 GCaC.
—6=F- Jedr 0400 03.07 0,90 0.38 8.00 1,00
71 G430 9.0 0.00 0.00 0.07 0.00 0.09
HEIGHTED SU3~-LIST FPEJUENCY MATRIY EXAMPLE PROB NO 4y 5J XTAs COMPLETEZJUDSE SELF EVAL 407 THLND) LHULT WTS
—JU06E 1
—PR9F 1 2 3 % 5 6 7 _—
» et s e r e e— .- -
— 11 -0 a G e IeL Tes Ced .0
21 .0 2 .3 beke 0.0 Gele 6ok
31 0.0 0.2 0.9 0.C .0 g.0 8.9
« I B.0 8.3 3.5 8.0 0.8 2o 2ol
- 31 8.0 | 0.8- B.C -9:0 8.8 Ve - e
51 {e. de3 0.0 d.0 0.8 8.8 16.3
T1! 0.0 De2 2.0 8.0 0.0 0.0 .0
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TABLE D-5. (Continued)

SUYB-LIST SEL™ EVALUATION FRIQUENCY warlx

-SUB-LIST FREQITNTY 4ATRIX EXAWPLE FRO3 MG bo 54 X7he COMPLITE,JUDGE SELS EVALIAEY THMLC),™AT ¥T$
] JUDSE 2 5> 3
2339 1 2 3 . 5 PSR SN -

b < 87 9.3 8. 9.3 5.6 6.8 8.8 0.9

21 3.0 2.3 2.3 3.8 0.6 Be8 (el

T 1 tee 543 83 TuT 68 0.8 8.8

» 1 9.0 [ 18] 3.3 beC Oed 3.0 0.8

51 23 .5 2ed 2.8 fed 8.8 S.9 - - - - - - -

1 F: %] Be2 Gel | P 2.9 3.0 3.0

T I 2ex 2. Zet  cel  wew o8 8.8

EXIMPLE PRIB NC by SJ XTE, CONPLETE, SUDGT SELF VALLSRAT THLOI,MAT uTS

IYDCE 2 6> 5» > ¢ 8> 83> ¢
RIJUCI 0 —ATRIX s m— -
P0J 1 2 3 . s L] 7
11 le23 Jed 3.7 .38 3,30 8.50 &.CC
21 2.0 35.3) 8.9) 0.80 8.0¢ .90 8.30
311 0.00 0.3 9.33 0.8 3J.35 C.30 0.0
1 0.8 .8 0.83 3.88 0.2 9.88 8.09
4 31 282 Fek 2.l Seil Leds S43l leTn
51 0.63 3.5 6,03 0.86 1.93 d.00 £.00
77X 2.38 8.0 S.37 8.36 .93 C.83 8.00
y
HEISHTED SUB-LIST FREQUENCY wATRIX EXAMPLE PRCB NC 4y 54 XT7Ry CONPLETZ,JUDGE SELF SVALF%3Y THLDI AT uTS
JUDGE 2
209 1 2 3 - 3 S ?
11 3.3 9.2 3. Sel e Set Lok
21 .8 L3 J.9 3.8 8.3 9.3 3.2
31 S.8 3.3 8.9 2.0 B.3 8.2 8.9
(3 8.3 §.31 T.2 3.8 G.0 0.0 0.3
51 8.6 Sed  Po§  d.8 8.2 8.8 0.6
51 dse Te cen cer 16e. .8 3.8
71 8.6 C.2 25 B3 8.8 0.8 D.0
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TABLE D-5.

SUB=LIST FREQUENCY 4ATRIY

JUDGE 3 35 vz 5> €2 73 13 2
P04 1 2 3 “ 5 6 7
17 0.0 1.0 9,0 0.6 0.0 0.8 8.0
21 0.0 0.0 0.0 0.0 €.0 0.0 o.2
ST 1ed 140 0.0 1.0 1.9 1.0 1.0
T 1.0 1.3 0.0 a0 .5 1.0 1.9
=51 140 1.0 0.0 .5 0.0 1.0 1.0
51 1.0 1.9 0.8  0.€ 0.0 0.0 .5
TI1 f. . 3el 0.0 .5 0.0
SSUI-LIST SELT EVALUATION FREQUENGY WATKIX ZX3MPLE PROB NO 44 5J XTA, COMPLETE,JUOGE 3ELF EVAL (40X THLDD (WULT WIS
“JU06E 3 35 42 5> €3 73> 1> 2
—REJUCZO MATRIX —_—
P9y ' 2 3 “ 5 6 7
LD 2ol o8 Bl Cedl wele 2000 D00
—~ 21 0.00 0,00 0.00 0.00 0.00- Gs00—8.86
31 5400 1.0 0.00 1.00 1.00 .00 1.00
¢ 1 1,00 1.09 0.00 0.00 .50 1,00 1.00
51 W75 o735 0.00 .38 0.00 .75 .75
-~ BT L0 1.00 0,00 0,00 0,00 0,00 .50
71 .50 .50 0.00 0.00 0.00 .25 0.00
WEIGHTED SUB-LIST FIEQUENCY MATRIZ EYANPLE PROB NO &4y SJ XZA, COMPLETE,JUDGE SELF EVAL (40% THLD) oHULT WIS
JUOGE 3
PROJ 1 2 3 “ 5 6 7
11 0.C 32.3 0.7 ol Ceu Cel St
21 0.0 0.0 0.0 0.0 0.0 0.0 0.2
31 5040 6440 0.0 64.G 6iel 64ed busd
4T 1640° 160 0.9 0.0 5.0 16.0 1640
51 12,0 12,0 0.0 5.0 0.0 12.0 12.0
61 Ble. bbe  Jed  yer  ced 0.0 32,0
TI 6.0 8.3 0.0 0.0 0.0 4.0 4.9

(Continued)

EXAMPLE PROB NJ ++ 5J XTA, COMPLFTE,JUOGE SELT EvALTLOY THLO) ,MULT WS
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SUB~-LIST FREQENCY 4ATRIX

SUB-LIST SELF ZVALUATION FReQUENCY MATRIX

o

TABLE D~5. (Centinued)

EXLMPLE PROB AU w4 5J XFuy COMPLETE,JUOGE SELF EVAL (407 THLDINULT WIS

JUOGE « Lt > 7 » 6= 2> 3= o>

PROJ b 2 3 “ 5 6

11 0.0 a0 1.3 1.8 1.0 1.0

21 3.0 0.3 1.2 1.8 1.¢ +5

31 Geu Y 9.0 5 4.9 0.9

} + 1 0.9 Gt 3 bry: 1.2 0.2
5 1 8.0 . 3.2 d.0 0.0 0.9

5 I G o3 13 1.¢ 1.0 0.6

71 dao 1. Lo Lov Aew 1C

CXAMPLE PROA NO 4, 5J XTA, CONPLETE, JUOGE SELF EVAL(LIZ THLDI,NULT TS

WEIGHTED SUB-LIST FREQUENCY MATRIX

JUDGE & 4> P> = 23 3z 4> 5
REJUCIOD YATRIX
PROJ 1 2 3 “ 5 6 ?
11 weln +6 .5 -1 obL )18 6L
2t 0.30 0,907 +53 »50 +50 «25 0.00 -
31 0.00 0.8 0.03 +35 <73 0.86 40.08
v I 2.00 49.0% <53 0.90 t.00 90.00 0.00
ER 4 0430 04050 0.9% 0.0C Q400 0.3C ve02
6 I .eL0 .32 .y <50 «60 0.00 0.3%0
[ ¢ 0.00 .85 32 30 «80 +80 da.00

EXAMPLE PROB NC &v 54 X7Ay COMPLETE,JUDGE SELF EVAL (40X THLDD 4MULT WTS

JUDGE &
PR2J 1 2 3 " 5 §— 7 -—-
11 060 943 96 946 Geb 9.6 9,6
zI Ge0 0,0 3.0 3.0 8.0 w40 0.0
31 o0 040 DBeT 1142 2244 D48 0.0
¢ 1 0.0 0 %3 0.0 8.0 0.0 0.0
31 060 0ed 0.3 040 8.0 0.0 8.0
61 va. 945 1942 13,2 19.2 3.0 0,0
71 840 Bl Be%  Haw  Bes  Bed 0.0
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TABLE D~5. {Continued)

SUS-LIST FREJUENCY “MATRIX EYAMPLE PROB NO o 5J X782, COMPLETE, JUDGE SELF EVALILOY THLD),muLT WIS
JUIGE & 4> 3> 2> 1> > 5
PROJ 1 2 3 “ 5 6 7
11 0.0 0+ 9.0 0.0 0.0 1.0 1.0
21 1.0 6.8 8.9 0.0 9.0 1.0 1.0
31 1.0 1. el vel Geu 1.0 1.0
+ I 1.0 1.0 1.0 0.C 0.0 1.0 1.0
51 Q.0 0.3 2.9 d.C 0.0 0.0 0.0
51 0.0 8. 0.0 J.C 0.0 0.0 0s0
ri e e ie vel ved ie¢ Yol
~SUB=-LIST SELF EVALUATION FREQUENCY MATRIX ZXAMPLE PROB NO wy 5J XTA, COMPLETE,JUDGE SELF EVAL (43% THLO) o3I T WTS
JUDGE § 4> 3> 2> 1> 7> &> 0

-REJUCED “asiX

PRO 1 2 3 ] S 6 7
11 selu  Ued 3+5° o500 0,00 1,00 t.00
2 1 1400 0,00 0.00 0.00 0.00 1,80 1,00
31 «80 «8) 0,00 0.00 0.00 -80 «40
41 1.00 1.03 1,03 0.00 0.00 1.00 4,00
51 2e0e 2490 02 Lecl wene Jedb Jdeut
— &1 0,00 0.00 0.00 9,00 0.00 0.00 0.00
71 0400 0600 0403 0400 0.00 1.00 0.00

NEIGHTED SUB-LIST FREQUENCY MATRIX EXANPLE PROB NO 4y 54 X7TAy COMPLETE.JUDGE SELF EVAL (23% THLD) HULT TS
J30G6E 5
PIS b 2 3 L) S £ 7 -
11 g.¢ 0.0 0.2 cev Lee 8.2 843
21 8.8 0.9 0.0 0.0 0.0 8¢3 80
31 12.8 1249 9.9 G.0 0.0 12.8 12.8
41 +e0 40 Lol 0.¢ 09 “ed %.8
31 0.0 0.3 9.9 g0 0.0 9.0 0.1
65 I d.. Go le 1Y Lo, 0.0 9.0
Tt 0.0 0.0 0.0 0.0 0.0 40 el
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SUMHED FREQUENCY 4ATRIX

F406E INDIFFERENCS EXISTS

—EQUL ¢
AODJ BORDA

~33.2
-167+2
417.6
-=220
=107.6
97.6
-135.2

403 BORDA

ADJ B0R0A

<2048
“4%1+8
106. %
‘505
«25.9
2o lo
-33.8

NV E G N

-t ot et B ey

EXAMPLE PROS NO

TABLE D-5.

1 2 3 4 s
0.0 41.6 9.6 9.6 9.6
88 0.8 8e8 14,4 8,0

76.8 76.8 0.0 75.2 86e4
28:8 200 648 - G038 1640
12.0 12.0 0.0 6.0 0.0
bhes T73.6 19.2 19.2 35,2
840 1hels Bele Bele Dok

(Continuved)

4y 5J XTAy COMPLETE,JUDGE SELF EVAL(GDYZ THLD) 4 MULT ®TS




TABLE D-5.

COMPUTED PREFCLIENII 44" iIX
Sum 1 2 3 4 5 6 I4
20‘ l I 3-: ..0. .40 006 0.0 0.3 1.0
o5 21 0.9 3.0 2.0 0.0 0.0 0.0 5
5.0 31 1.0 1.9 9.0 1.0 1.0 1.0 1.0
5.0 ¢ I 1.9 1.3 0+¢ 8.0 1.0 1.0 1.0
3e2 51 1.0 1e. -eu Lew Qe vl leu
“el 6 1 1.4 1.0 l.0 0.0 1.0 0.0 1.6
3 7t 0.3 .5 3.0 8.0 0.8 g.0 00
PREF 3> %> 6> &5 1> 2= 7
NUM3ER 0% FRACTIONAL SYMS= 2
LOWER N= 7 KENDALL © = 0.3 Eva =
RANK ORDER CONSISTANT AT .5 LEVEL
RANK ORDER COMSISTANT AT .01 LEVEL
YPIER N= 7 KENDALL D = 0. 00 ZETA =
RANK ORDER CONSISTANT AT .05 LEVEL
_ANK ORDEIR CONSISTANT AT .01 LEVEL
AvVIPaSE Nz 7 KENDALL O = 0.00 ZETA =
RANK ORDER CONSISTANT AT 405 LEVEL
RANK ORDER CONSISTANT AT .01 LEVEL

CXANPLE PROA ANO .,

1.0000

100006'

1.0000

239

SJ X74, COMPLETE ,JuUOGE

(Continued)

PROB THAT RANK ORDER NOT CONSISTANT

—PROB THAT RARK ORDER NOT CONSISTANTY

PROB THAT RANK ORDER NOT CONSISTANT

SSLF EVAL (L)Y THLC)MULTY W

6.00800

8.060804

g.00000




wd

gAY

ol ot
/
K :: e

ey

E
LAY

Farw:
TABLE D-5. {Zontinued)

CONCORDANGCE SUMMA2Y 8Y SLEMENT SXAHPLE 2303 N) oy &y %78, TOMPLEITT 4JUDGI SELF EVALLGGY THLD) 4MULT WTS
UNHEZIGHTZD SUBLISTS

i 2 3 o 5 6 7
JUDGE memeeemmececcoc—- e eeccamec .~ el bt -
JUDIGE & I 6e¢5 1.0 bel 2.0 €e0 3.8 4o 0
JUOGE ¢ I 504 Eo-: Yw Sen - lew SOJ
JUDGE 3 I 6.9 7.8 1.0 243 2.5 Le5 4e3
JUDGE 4 I 1.9 3.5 5.5 Se5 7.8 3.5 2.0
JUDGE 5 I «.d 3.0 249 1.0 76 €0 5.0
eI 2240 1345 1345 1643 29.5 10,0 23.5
HEAN = 20.00 SyM OF DEVIATICNS SQUAREL = “3. 09
SuM T = 14.00
KENDALLS <SOSFISISENT 05 TONCORCANCE = oL71 4= 5 N = 7

RANK ORDER NOT CONSISTANT AT .05 LEVEL. CFPITICAL $ = 276.20
RANK ORDZIR NOT COUSISTANT AT ... LZvil. CRITICAL S =

343.30

P -~
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TABLE D-5. (Continued)

CONCORDANCE SUMMARY BY ELEMENT EXAMPLE FROS NO &y SJ X7A, COMPLETE.JUDGE SELF EVAL {407 THLD) JMULT
UNWEIGHTED SUBLISTS
1,2 3 “ 5 6 7
JUIGE D e T T P L T T v P L 2 T T
AJy BIRDY I 4.0 7.0 t.0 3.8 5.8 2.0 6e3 s - -
PREF I 5.0 3.5 1.0 2.0 hel 3.0 Bed
(4 963 13.5 2ol Sal LYY 5.2 12.5
MIAN = 3,00 SUM OF DEZVIATIONS SQUARED = 106450
SUM T = «50
KINOALLS COEZFICIENT OF CONCORCANCE = «959 4= 2 N= 7
RANK ORDZIR CONSISTANT AT .C5 LEVEL. CRITICAL S = 97.00
RANK ORDER CONSISTANT AT .01 LEYVEL. CRITICAL S = 18688 ———— - - .-

Al e




aif

T b -
il

ELEMENT INDEX 24NK 92DER
3> 4> 53> 35 & »

RANK PROJECT
1 PR0J 3
2 P23 3
3 P23 =
" Py =
5 PoDy A
. 6 PR2J 8
-] P23y 5

TABLE D-5. (Concluded)

EXAMPLE PROS NO we 54 X7Ay COMPLETEJUDGE SELF SVAL (a. % THL%I LMULT WIS

P]EFERENCE RANK ORDER SUMMAPY
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TABLE D-6.
5
“TECHNGLOGY PLANNIYUS ©RI9ORITIES EYLMPLE #90Y N2 & £J ¥74, COMPLETE/W REQUIREMENTS ToANSLATION

-tz 9 H7PYIYFLI= ) NPTYP2= 0 MATR= 0 THLD=0.C

Loy

KPR IAT: § -

INPUT READ IN PRQJIESTS

= INDEX SLIMENT NavD - L1 CAT

1 PES -01 O 9

2 PES =02 (1% 0

3 PES -03 0. -

L FES =-yb& 0. 3

] PES «85 0. 2

6 PES -06 0. ]

4 PES -07 0. 3

- END Le 3
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W

i
P o

i

TOTAL N8R ALT

~FOTAL NB? ALT s

TOTAL N3R ALT =

. "";llm*lll

v o

FOFAL -NBR ALT =

14

54

.-»

JCOuY =

4

7

7

2>
INPUT READ IN REQUIREMEN

TABLE D-6.

X7Ay COMPLETE/N REQUIREFENTS TRANSLATION — — -

{Continued)

JUDGE MWEIGHY JSE VALYE LIMIT

tR THIS JUDGE

N ]

JUDGE MEIGHT JSE -YMUE LInIT

— MR THIS JUDGE =« —2 -— ——

JUDGE NWEIGHT

NR THIS JUDGE

JUDGE WEIGHT = ISE WALUE LINIY

NR THMIS JupGE-e

&

= o

) | j’_.': _'_‘—_—‘.-:_’.v‘ L ‘-“—_-; __
= - Hi T - T
= _{: . -

comen




s

KA s

A1

-
£
H
%3
TABLE D-6. (Continued)
—ENDEX—— ELEMENT NAME W - CAF——— - e = .
——4--~ R20%. — : ~Be- - 8 - —— e e e -
2 R301. Be g
——3—— R3:z2eESAS —— & 8 i
“ R392.00E2 g. 0
——5— -~ R395. 00F o —— 8- - - - :
6 R3Gb. 8. 0
——-— —Ru01.004 R 0 Stm o mmmmmmm———— e em
8 Rhk:i.328 0. 9
a9 Re01s806 - = - 0% o e e
o 10 R40%1.00H 0. [/
o~ T1t -~ —Red2.001 : e 4 -
. 12 ROI1.UCK e 0
¢ 13— Rs01.00M - - - B 8 -— -
14 R6L. O. 0
o A5 — REve g3 8 -
< 16 R605. 0. c
PO S END 8- — ——8 s
el

JEXAMPLE-PROB NO-S 53 X7Ay COMPLETE/W REQUIRENERTS-FRANSLATION— ——— — —— --

JUIGE 5 JCOW = 0 JUDGE WEIGHT = 0.0  JSE VALUE LINIT = 0
TOTAL NBR ALT = 16 NR THIS JUDGE = 5
— 6t t—F > 516

245




1%

INDEC L1ST
12101, 257

5 i1, £33

3 2101, 253
EE RN #6)
17 2206, Es
21 s, 25
25 2301, PE3
29 e301. PES
33 2301, »E5
~—3r—e3oz. eer
s1 2301, Er
¥ a3ni. °G1
»3 =301, P3o
—33 =23z, )
57 201, 263
—sr—e3ttv - eG5
33 301, 265
—53- w361, G5
75 2301, PG3
—rr—w31. °G;
31 R3bi. 0G5
otg—--~ex3

33 R302.00£2 PES
—33--302.90E2 PCS
I '3, <l
—101--2333500° POS
105 R305.90° PES
—181—e313508c -Px-
{ 113 R37. P>
—$17--%310.901 #G3

121 2B10.05¢  PES
~123- ®310,99¢ PGS
129 95103 PES

. 137 R01.004 PES
o INT - 6CITIOR  PET
< 185 RW§1,3M PG
« T8I ILDITOIN " PGI
. 133 2u01.00% PG)
» “TS7T--RE1L00M - PGS
¢ 161 RWL1.GiM PO
»TISSTRNOLLAM PGS
¢l 163 R&01.804 PS5
—1rs

177 Recl.Adl  ezf
131 .00 PES
135 Rsge, PeS

133 RN AN POS- =81 -

TABLE D-6. (Continued)

3T REQUIACFENTS END PROJECTS
=58 7/ 2 Peift. P60 -59 7 3 Ri8g. PGC -68 7/ & Q101. P60 -6/
-82 7 & Rigi. 60 -6t 7 7 Ri0t. PGD -6 7/ 9 L8, 6D 65  /
=65 7/ 16 R1f1. PCO -67 7 11 AG. PGD =68 7/ 12 91, 60 <69 7
=73 7 e @18t. PEO-~72 - —F 15— 188 - PED—6I-— /- 16 P28, —PES~E2 4 — - ——— ——— -
-0+ 4 18 &213. PET ~38 2 19 on%. PEY =53 /7 20 R3¢i. ©0S -51 7
-82 7/ 22 R:1, PES -81 7 23 w381, PES =02 7 24 Q381 vES5 86 2
=03 7/ 26 R3C1. PES =06 7 27 Q131. PES -0? 7/ 28 9301 PES -89 7
-1 7 3¢ R301. PES =12 7 31 F3g, PES -13 /7 32 03si. PES «15 4
=15 7/ 3% R331. PET «&5 7 35 R33%. PET -86 7 36 R3J1. €T -7 7
“8 /7 38 R301, - - PET Y-/ 39 -@3CL,— —PEF-—5— / 8 -RIPs— —-PEF-~52 S —— - = -—
=53 7/ 42 R301. PCO =53/ &3 A301. PGC -59 /7 &% 301, PCD -60 7
-6t 7 &6 R3C1. PG 62 7 w7 @388, PGO =63 7 48 o333, °GD ~66  /
=83 /7 5§ R31. 6D -66 7 51 R/I1. PGL =67 7/ 82 ’3I91. PGD =68 7
-63 7 5& RINM. PGO =78 7 55 A¥NL, PGC -T2 /7 56 w381, oGC ~17 2
-18 7/ 58 R331. PGG -19 7 53 R381. PGG =20 7 S8 2301, GG -21 7
~22 7 62 R3L. PEG~28 ——F— 638304y — PE5-=25- - /64— A3k — —BGE—26 —V - —— —— -
-2r 7 6€ R3J1. PCL -28 7 67 8%, PGC -29 7 68 2301, fGG -38 4
=31 7 75 m30n. PGG -32 7 71 A3, -#G6 =33 7 72 /301, P66 ~36 7 -
=35 7 Ts R3I1. PGS -3 7 75 . PGC -38 7 76 3301, PCC -39 7/
-3 7/ 75 f3IN. PGG ~et 7/ 79 ®381, PEC ~42 1 80 R33N, GG -3/
& /7 8Z R3ei. PXP <83 7 A3 R3j1. PKP =86 7 84 R3ISL. PKP -85 7
-85 7 AE R3IGL.- PP <837 -8F —RIV21ILA2 PES -8 - £ —88 RIN2.LPE2 SIS ~V8- —F -~ —— —_——— - =
~05 / 96 R302.00£2 PES ~07 7/ 91 R302.00€E2 PES =19 7 92 Q3P2.0tE2 ©ES -16 7/
=25 7 S4 R3V2.08EZ PLS ~27 7 95 AISZ.GVE2-PGE ~33 7 96 RIB2.90E2 PGG -38 7
-3 7 98 R13. PCG =32 7 93 Ale. PES ~89 /7 180 R38 PP -83 7/
-7 7/ 102 R3INS.OOF PES =85 7 183 R345.38F PES-~07 7 186 R3ES.08F PES -89 7 -
=13 7 106 R30S5.00F PXP -87 7 167 R3S.8CF PxP =93 7/ 108 R385.98F PrP .31 ¢
T<93 7oL <MILETT - PES BN At —wlePr PP~ — 7112 -R3¢7, PP —F o e
-3 /7 L16 R3T. PKP «93 7 115 w37 PKF =95 7 116 2318.801 PES -16 ¢
=25 7 118 R319.881 PGS =27 7 119 R310.801 #GC ~33 7 128- 310,081 PGG -3 ’ -
=15/ 122 R310.08K PCL =25 7 123 WXI3_ ALK PGC =37 7 126 QU18.38K BAG -XT 4
-3 7 126 R313.88% PENG-3S —7 127 ~MB1.0LA—PES =12 - /-3128 RAD1.E0R PES 0% 7 -
-£2 7 130 ReL1.LG8 PES -6 7 131 R61.31G PES -02 7 132 RM01.38C PES -0 7

7 134 “RSLIEEN - POS —E2 —7- 235 —RAPITEEN—PES ~82- — 7136 REPLION—PES ~Py— ¥ — -~ — -
=05 /7 138 ReS1.0CH PET -46 7 139 Re01.00M PET ~47 7 168 RAS1.08K PET -A8 7
=53 /7 182 RA01.GEM PCO =55 ~/TINI" MATIVEIN TPCL 337 1A% RAGL1.GEN- OGO <48 7 === - -
-61 7 AA6 RALL.U3%  PGD 62 7 16T A031.5(H PGC =63 7 188 ReP1.08% PGCD -5& 2
-85 7 150 R40L.88M “PCO ~66 — 77151 “MELITUUN—PLL =BT~ -7 152 -RAB1.8EN ~PCD ~68 7 - — = - - -
=53 7 154 ReG1.00M PGO -78 7 155 ReD1.00H PGC =71 7 156 R&D1.68M PGC -1 7
-28 7 158 MBI M —PEC— —Retts ~168 NP2 D EN - PEG 24—~ # = ~ — ——
=26 7 162 RSLILEM PLC =23 7 163 GABL.8O0M PGGC ~32 7 166 ReI1.08H PGC <386 ¢/
=35 7 166 RAE1.UEN PGS =37 718 s PEE 39"~ 77 168--RAB1I0IN PEC Y~ F o m —em— e o
=l /7 170 RGBLLIBH  PGG -A2 7 171 RAB1.E0H PCC -43 7 172 PAB1.80H PCC -46 2
=8 7 174 RAEICAEN - PRP—gs-——p 5 TTITE RBLIFEN— IR
-82 7 i78 “u01.881 PES ~8¢ 7 179 R&B1.00K PES =02 7 138 RAS1.08K PES -84 7/
~82 /7 182 RaD1.CON PES =04 7 183 ReB2. PET =50 7 186 R4bG. P3S -72 1/
-2t 7 186 Reda. PGG =26 7 187 ReBs. PLC ~29 7 183 g, PEC =36 /7
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TABLE C-6. (Continued)

-189 240%. PG> =35 7 196 RW0s. PGG ~4f 7 193 Wlh. PEG =82 /7 192
133 R&i5. PZHG-55 /7 194 R405, PEHG=-57 /7 195 RHil. POS =81 /7 196
-£37 R601. PES =33 /7 138 R60i. PES =08 /7 133 R581., PGE =23 /7 200
201 R60%. PP -85 7 202 Relt. PKP ~9% /7 203 7632, Pps -7%5 7 284
285 0682+ POS ~77 / 286 -Re02s - POS—82 - F 27 Q632 -PES ~58- - —/-238
2i3 Re02. PET -5% /7 210 R603. PGD -58 /7 211 Re3I3, PGC -59 /7 cie
213 W03, PGl -51 /7 214 RE83. P6a -62 7/ 215 RH3I3. PGD =53 /7 216
217 ReD3. PGD -65 /7 213 R603. PGD -66 /7 213 ReL3., PGO -67 / 229
-221 003, PG) -63 7 222 R6¢3. PGD ~7% /7 23 ®653. -GG =72 7 22%
225 604, POS ~T4 /7 226 R604,. P3S -50 /7 227 Rble. PES ~-03 7 228
-223 - -R60%e- --PG5> -23 / 230--R604. P66 ~31 -£-231— REBE~--—PES—=86 - 7 -232
233 R605,. PE3S -1&4 7 234 REO7. PEHG-56 /7 235 R65T. PET =54 /7 236
237 Rs09. PES -93 /7 238 R639. PES ~3: f 233 R633. PET -&9 7 263
261 W03, PX> =33 /7 242 R609. PKP ~-86& 7/ 243 Rb609, PYP -85 7 244
245 Roild. PZT -58 / 24€E R612. PG5 -31 /7 247 R612. PGE ~ht 7 248
243 R615. PK> -38 7 250 Rb616. PKP -9y 7/ 251 FR701.3 PGD -58 /7 252
253 361, PX? «95 - . / 254 R381. PGG-=35 - -f— -— —— e e —m e — -

REQUIREMINTS T PVJIZTTS TRANSLATION

b= 3> 2> t = 5= 7> ¢

R&J%e
R601.
R661.
R602.
-~RBIL .
R603.
2603,
R603.
R6p %,
R604.
T686.
R609%
R609.
2609.
R612.
R802.

PGG -4t
POS -82
PLG =26
POS -75
PES -39
PGO -60
PGD =64
PGO -68
P0S -73
PES -1
PES -37
PEHG-56
PET -5
PKP -92
566 -43
PGO =59

AN N N N N 0 S N
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SUS-LIST FREQJIENTY 4ATIIX

TABLL D-6.

{Continued}

TXAMPLE

]
|
~o e W
I
]

[l N N RN ]

1.8
1.0
1.2
1.9
1.0
3.0

54 XThe COMPLETE/H REQUIREMINTS TRANSLATICN




T -SU8-LIST FREJUENSY MATRIX

~JYDGE 2

TABLE D-6.

* & @ ¢ s o o
Dol oo
ooToooo

= O~ =Y

{Continued)

EXAMPLE PRC3 NC 5

5J ¥7Ay COMPLETE/W REQUIREMENTS TRANSLATIGN




7T A 1t AL
- 8 N

R |
-

S v
Yy
S
e
@
-
N
f
2 1
I
.
3
’§;'== EEa
e I
s vi P
S
. 2

iTICN

SUB~LIST FREJUENCY MATRIX

7 >
A e e

00—

0.0
1.0
5

TABLE D-6. (Continued)

EXAMPLE: PROB NC S SJ X7A+ COMPLETE/H REQUIREMENTS TRANSLATION

b r e

£t
0.0
0.0

RS et % el




i

—SUB=LIST-FREQUENTY MATRIX
—JUBGE &- t > 7> 6

PRt~ 2 I -

- - - B -

—t—¥- 8.8 1. 1.3
0.0 0.0 t.0
—3-I- —0.0 0.0 de.0
0.0 0.3 «5

~
[ o]

i —bv— I
0.0 5 1.0
— sl -t 4l

4!0\\!14‘
L B N ]

1.8 1-0
1.0 1.0
+5 te -
G.0 1.0
vl — g b
1.0 1.0

- 109 10&

2 >

3 s

TABLE D-6. (Continued)
EXAMPILE PROB- NGO 5 54 Y7Ay COMPLETE/W PEQUIREMENTS TRANSLATION
b > 5
,~__+.-__ ———— — - — —— e . e
1.0 4.8 - - -
5 0.0
8.8 -8.8 -— - - - R - e s
0.0 0.0
-l ——— - — = — e — ————
0.0 0.0
te—Bet- - — — - - - — e
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SUB-LIST FREQUENCY MATRIX

TABLE D-6. (Continued)

EXANPLE PROS NO S SJ Y7, COMPLETE/W REQUIREMENTS TRANSLATICN

“JYIGE § .= = 5= P> 6 -~ -
PROF— -t ——2 - F— 45 ——f ? S
11 3.3 G .0 S5 Tt - o5 - ——
21 1.0 0.0 040 1.0 1.0 1.0
—31 1.0 1.0 0.0 1.0 1.0 1.8 e -
$ I 1.0 1.0 .5 1.0 1.0 1.0
51 5 G 253 f58 -5~ —
51 0.0 0.0 0.0 0.0 8.0 0.0
—- Pt 0.0 0.0 O T e 1 R
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~SUMMED—FREQUENCY “ATREX
—HUDGE-INDEFFERINCT ZXISTS

(Continued)

TABLE D-6.

-EXAMPLE PRO3 NO-5--5J-XF7Ay-GCOMPLETEAN-REQUIREMENTS TRANSLATION

&

L

——t:8 7 -

3.5
4.0
5.0
“.5
0.0
2.0
245
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COMPUTED PREFERENTE MAT2IX

SuM 1 2 3 4 5 6 7
{ “ell 11 8.0 1.0 W5 Gel 140 - 1e6 5
3¢5 21 0.8 9.0 1.0 5 1.0 1.0 2.8
Be3 31 .3 3.0 0,0 1.0 1.0 1.0 1.0
4.5 4 I 1.9 o5 0.0 0.0 1.0 1.3 1.8
1.5 51 0.9 9.0 0.0 0.0 0.0 1.0 .5
-e. 6 I J.: .'-J f_:.: E'O 0.0 0.0 'Jo:‘
3.0 7 I 3 140 0.0 0.0 5 1.0 0.0
2IEF 3= .> 1> 2> T3> 35 b
NJM3E2 OF FRASTIOAL 3U4S= "
LOWER Nz 7 KENDALL D = 4.00 IETA =
RANK ORDER COUSISTANT AT .05 LEVEL
' RANK ORDER NOT CONSISTANMT AT oui LEVEL
TEERLY N= 7 KINDALL D = 6000 ZETA =
|™NK IRDER NIT SOUSISTANT AT .05 LEVEL
RANK ORDIR NOT CO4SISTANT AT .<; LEVEL
AVIRAGE N= 7 <ENDALL D = 5.00 ZETA =
BANK ORDER NOT CONSISTANT AT .05 LEVEL
RANK ORDIR NOT CO4SISTANT AT 0t LEVEL

TABLE D-6.

P
(Continued}
EXAMPLE PROB NO 5 54 X74, COMPLETE/W REQUIREMENTS TRANSLATICN
o 7143 PROB THAT RARK ORNDER YOV CONSISYAHY = ,03335714
«5714 PROJ THAT RANK OROFR NOT rCNSISTANT = ,1%268254
«6429 PROB THAT RANK QRDEP NOT £ONSTSTANT = 06908652
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TABLL D-6. (Continuec)

-CONGCORDANCE SUMMASY 3Y SLEMeNT EXAMELS #R03 NO 5 54 7&, COMPLITE/W REQIIREMINTS TRANSLATION
JNKZIGHTZ D SU3LISTS
— s ? 3 [ 5 o 7
JUDGE = wsecvsrccccccecvccccencaecnas L bbb
—ADS-BIROA [ ~-3:8 430 —ted— 240 beu 7e. Seq
PREF I 3.0 a,0 1.5 1.5 6.0 7.0 548
R{J) 6e? Bed 245 3¢5 12.0 14e0 13,0
MEAN = 8,00 SUM OF DEVIATIONS SQUARED = i1%.5.
SUM T = «50
KENDALLS COEFICIENT OF JONCORDANCE = « 995 4= 2 N = 7
RANK SRDER CONSISTANT AT .5 LEVEL. CRITICAL S = 97.00
—RANK—ORDER—~- --CONSISTANT-AT - +81 LEVEL . CRITVICAL § = 184¢80-—-—— — -
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TABLE D-6. (Concluded)

EXAMPLE PROB NO 5

] "PREFERENCE RANK ORDER SUMMARY

53 XTA, COMPLETE/Y

REQUIREMENTS TRANSLATION

ELEMENT INDEX RANK ORDER

3T 4 >1> 2> 7> 5§ 6 e e e

F RANK PROJZCT
1-- --PES =93 - —- e s e e o -
1 PSS =04

— e 2 - PES -0t -~ - Smem e

' o “Lj“" p-:-sh:;zv ) - S o
e Ty - PES -07 e e s -
s es s - B

—--w=-§  -PES =06 - =
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